NOVEMBER, 1967
60 CENTS

THE NEW BREED OF DIGITAL VOLTMETERS
: DIGITAL VOLTMETER GIRCUITS

DIGITAL U.H.F. FREQUENCY MEASUREMENTS

ALIGNING FM-STEREO RECEIVERS
WITHOUT A GENERATOR

LOW-COST CAPACITIVE-DISCHARGE
IGNITION $YSTEM
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Armchair Shopping Guide From Heath

Widest Kit Selection — Liberal Credit

@ Deluxe ‘227" Lolor TV Kit

227 sq. in. rect. view. area. Exclusive self-
servicing facilities. RCA Perma-Chrome tube
& new “rarc carth” phosphors for 38 % brighter
pictures. Automatic degaussing. 24,000 v,
power. 3-stage IF. Mediterrancan Oak cab.
(illust.) $94.50. Other cab. from $59.95

Kit GR-227, (less cab }s42dn .

as low as $25 mo..... .. ... ... ... $419.95
Deluxe “295" Color TV Kit

295 sq. in. rect. view. arca. Exclusive sclf-
servicing. Automatic degaussing. ACC &
AGC. 3-stage IF. 25000 v. power. RCA
Perma-Chrome tube for 38 % brighter pictures.
Walnut cab. (illust.) $94.50. Other cab. from
$62.95.

Ku; GR- 295 (Iess cab.) 131 Ibs

Dcluxe “180 * Color TV Kit
180 sq. in. rect. view. arca. Exclusive sclf-
servicing. Automatic degaussing. 3-stage IF.
24,000 v. power. ACC & AGC. Extra B+
boost for best definition. Walnut cab. (illust.)
$49.95. Other cab. from $24.95.

Kit GR-180, 102 Ibs. (less cab.) $35 dn..
$30 mo..

Color TV Remo(e Control

Change channels and turn your Heathkit color
TV off and on from the comfort of your arm-
chair. 20’ cable.
KitGRA-27............................ $19.95

{D) 150-Watt AM/FM Sterco Receiver
World’s most advanced! All silicon transistor
circuit. IC’s and crystal filters in 1F amp. FET
FM tuner. Positive circuit protection. +1 db,
6 to 50,000 Hz. Walnut cab. $19.95

$48 dn.
...... $479.95

Kit AR-16, 34 |bs....$33 dn.. $28 mo....$329.95
Wlnd ARW-16, 34 ibs....$50 dn
$43MO.. . $499.50

Transnstor FM Stereo Receiver
FM/FM sterco. 14 watts music power, 10
watts RMS, +1 db 18-60,000 Hz. Adjustabic
phase for best sterco. Automatic sterco indi-
cator. Optional cab. (Walnut vencer $7.95,
beige metal $3.50)
Kit AR-17, 12 Ibs.... (less cab.) no money
dn.$8mo...............L L $72.95
Transistor FM Mono Receiver
7 watts music power, 5 watts RMS, +1 db
18-60,000 Hz. Flywheel tuning. Prebuilt &
aligned “front-end”. 9%” D. x 2%” H. x

[1%” W. Optional cab. (walnut $7.95, beige
metal $3.50)

Electric Guitar Kits
3 famous Harmony models in money-saving
Heathkit form from $88.50 to $189.95.
Details in FREE Hcathkit catalog.

@ 120-Watt Guitar Amp & Speaker

All solid-state. All the “pro’ features every
combo wants . . . tremolo, “‘fuzz”, brightness,
reverb. 3 channels with 2 inputs cach. Speaker
has two 12” woofers, horn driver.

;(;; TA-17, amp., 40 Ibs.. .. no money dn.,

Wiercd S TAW-1T, 40'1b5,. o money dr.

2
Kit TA-17-1, speaker, 100 Ibs.
dn.. $12 mo.

$14 m

Kit TAS 17-2, amp & 2 speakev systems,

240 Ibs.... . $40° dn,,

Wired TAW-17-2, 240 lbs

creditdetails.. . ......................... $595.00
Dual Channel 25-Watt Guitar Amp

60 watts peak power. All solid-state. 2 inputs

per channel. Two 127 speakers. Variable trem-
olo & reverb. Foot switches. Front pancl
controls.

Kit TA 16, 52 Ibs ... no money dn

$13 m, $134.95
w:nd TAW-16, 52 1bs... . no money dn .

$19m ..$199.95
. Slnglc Channcl 20-Watt (,ultar Amp

All solid-state. 40 watts peak power. Two in-
puts. Variable tremolo & reverb. 127 speaker.
Foot switches. Handles lead guitars, mike.

KitTA-27,351bs... .no money dn..$9 mo...$89.95
Wired TAW-27, 35 Ibs... . no money dn..
$13mo............ e .$134.95

® Hcalhkll‘/ThomaS Thcalrc ()rgan
Save up to $500. All Thomas factory parts.
Professional features like 15 manual voices,
4 pedal voices, 200 watts peak power, chimes,
Leslie speaker, instant-play Color-Glo, all
solid-state, 44-note keyboards.
Kit TO-67, organ & bench. 265 Ibs..
$200 dn.. as low as $29 mo. . . $995.00
@ Heathkit®/ Thomas Color-Glo ()rgan
Save up to $205. All Thomas factory parts.
10 organ voices, 37-note keyboards, repeat
percussion, 13-note bass pedals, 75-watt peak
power, instant-play Color-Glo, solid-state.
Kit GD-325B, organ & bench 172 Ibs.
$40 dn.. $34 mo..
Band Box Pcrcussnon
Automatically or manually adds 10 exciting
percussion voices to any Hcathkit/Thomas

'$394.90

Organ

l(1|t TOA 67-1, 8 Ibs.. .. no money dn..

(N) Playmate Rhythm Maker

Adds 15 fascinating rhythms to any Heathkit/

Thomas organ. Requires Band Box percus-

sion (above) for operation.

Kit TOA-67-5,...no money dn..

$IBMO.. .o $189.90
Contemporary Hi-Fi Cabinet Ensemble

Fully assembled & finished in walnut. Ad-

justable shelves accommodate most hi-fi com-

ponents. Speaker cabinet can be matched to

8 or 12" spcakcrs. has slot for twecter.

AEZ -37, equip. cab....no money dn..

mo
AEA-37-1, speaker cab.. no money dn..

SEMO.. . each 869.50
@ Mediterranean Hi-Fi Cabinet Ensemble
Factory assembled and finished in Pecan. Ad-
justable shelves accommodate most make hi-fi
components. Speaker cabinet matches to any
8” or 12” speaker, has slot for tweeter,

AE-57, equip. cab., no money dn., $14 mo. $160.00
AEA-B67-1, speaker cab.. no money dn..

&3 [@*ho caoooonoononoonnnnonoonnana o each $74.50
@ Early American Hi-Fi Cabinet Ensemble
Factory assembled and finished in Salem-
Maple. Adjustable shelves accommodate
most make hi-fi components. Speaker cabinet
matches to any 8” or 127 speaker, has slot for
tweeter.

AE-47, equip. cab., no money dn., $13 mo. $136.00
AEA-47-1, speaker cab., no money dn.,

$7 mo each $64.50
@ 4-Speed Stereo Phonograph

All solid-state. Automatic changer folds up
for casy carrying. Ceramic cart. w/dual dia-
mond-sapphire styli. Twin 4” x 6" speakers.
45 rpm adaptor. Build in 4 hours.

Kit GD- 107. 24 Ibs., no money dn
$5 mo..
@ 4- Spced Mono Phonograph

All solid-state. Automatic changer folds up
for portability. Ceramic cart. w/dual sapphire

..849.95

styli. 4™ x 6” speaker. 45 rpm adaptor. Build
in only 2 hours.

Kit GD-16, 25 Ibs....no money dn__

§51 MOy s SR S s e T
. Children's Porlable Phonograph
Plays all 4 speeds, all size mono records. Crys-
tal cart. w/universal sapphire stylus for all
types of records. Detachable lid. All solid-
state. Pre-assembled turntable & cab.
KitJK-17,111bs... ... ..o $19.95

10-Band Shortwave Receiver
Professional quality . . . slices stations down
to last kHz! Covers 49, 41, 31, 25, 19 & 16
meter shortwave . . . 80, 40 & 20 meter ham
. 11 meter CB. Crystal-controlled front-cnd.
Tunes AM, CW, SSB,
Kit SB-310, (less speaker) 20 Ibs..
no monev dn..$23 mo.. .$249.00
10-Band AM /FM, Shortwave Portable
Tunt.s longwave, AM, FM, and 2 MHz —
22.5 MHz shortwave. All solid-state. Separate
AM & FM tuners & IF strips. 44 factory-built
& tuned RF circuits. 4” x 6” speaker. 2 built-in
antennas. (‘onvurur/chargcr for AC $6.95
Kit GR 43, 19 Ibs... . no money dn..
SI3MO.. .. e $139.95
Experimenter *“19°* Workshop
Perfect for any youngster who wants to e¢x-
plore the mysterics of electronics. Contains
all materials & instructions for building 19
clectronic items that really work. Safe flash-
light battery opcralion Solderless connectors.
Kit JK-27, 4 Ibs.. .$13.95

() 12 Black & White TV Portable

All solid-state plus integrated sound circuit.
Runs on AC, 12 v. DC or plays anywhere on
optional battery pack @ $39.95. 3-stage IF,
AGC. 110° shell bond picture tube with 20 mm
neck. Durable plastic cab.

Kit GR-104, 27 Ibs....no money dn..

STtmo.. .. e $119.95
Amateur Novice CW Transceiver
Optimum CW on first 250 kHz of 80, 40 & 15
meter bands. True “break-in”" CW. 75-watt
input power, up to 90 watts for general class.
Built-in sidetone. Crystal lattice filter for high
selectivity. Easy to build.

Kit HW-16, 25 Ibs.... no money dn..

S10MO.. . .o $99.50
@ Amateur SSB/CW Transceiver

180 watts input P.E.P. SSB — 170 watts input
CW on 5 bands, 80-10 meters. Switch sclection
of USB & LSB or CW. Built-in CW sidetone.
Operates PTT or VOX.

Kit §B-101, 23 Ibs....$37 dn.. $32 mo.. . $370.00
Wired SBW-101, 23 Ibs....$54 dn.,

$4T MO .. e $540.00
Hi-Fi Headphone Control

For private listening of any audio system. Ac-
commodates any impedance, 3 or 4 connector
sterco or mono headset. 207 cable.

Kit AC-17, 3 Ibs.. 5 P 141

. 3-Heat Soldcrmg Iron Kit
25-watt jron with 14" chisel tip. 2-minute
warm-up. Protective metal cage.
Kit GH-17,51bs.. .. ...............oL.t. $14.95

Solid-State Volt-Ohm-Meter
High impedance input. Battery power, plus
built-in AC supply. 8 AC & DC volt ranges
from 0.5 v. to 1500 v.,, 7 ohmmeter ranges,
Full scalc. New unitized cabinet.
Kit IM-16,101bs.... no money dn.. $5 mo. $44.95

Assembled IMW- 16 10 1bs....no money
dn.$Tmo.. ... $64.95

..$39.95

—
ORDER NOW! Use This Handy Form

| HEATH COMPANY, Dept. 15-11
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_____________________________ .|
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One of a series of brief discussions
by Electro-Yaoice engineers

NEW TESTS
WITH
TONE BURSTS

1. RAMINSKY
ker Project Emgineer

Muost audio engineers are familiar with the basic
mechanics of transducer testing using tone burst
signal sources. In its most often used form, tone
burst testing is used to compare the relative ability
of loudspeakers or other transducers to respond to
transient audio phenomena.

Generally. however, tone burst testing has been
ignored in favor of more traditional testing tech-
niques, such as steady-state sine wave lesting,
sweep frequency testing, ete. as a means of deter- |
mining design parameters.

Recently. Electro-Voice instituted a pragram of de- |
sign testing using tone burst signals. in association
with mare conventional techniques. in an effort o
develop a correlation between deviations from opti-
mum transient response as displayed in aseilluscope
tracings of tone bursts, and data obtained by other
techniques. |

It was proven that there was indeed a proveable
relationship hetween data displayed and faults de-
termined by more conventional means. For in-
stanee, specifie peaks and dips in response. shown
in steady-state measurements, often were related to
poor transient response as shown in tone burst
testing. By varying each of the possible cantribut-
ing causes while observing the oscilloscope trae-
ings, it could be determined which changes im-
proved both frequency response and transient char-
acteristics.

It was also noted that subjective reaction to
speiker systems could often be anticipated by care- )
ful examination of exhaustive tone hurst data. If
similar units were compared. trained listeners niost
uften preferred the unit with better transient re- |

sponse as shown in tone bhurst testing.

Using tone bursts, design parameters such as cone
shape and compasition, speaker optimum damping,
enclosure canstruction, ete., can be tested with
wreater precision, and changes in design can be
made with greater effectiveness. While no consumer-
ariented specification lias yet heen developed to
express the ability of a specific product to respond
to such a testing program, it should be noted that
weveral testing organizations use tone burst data
in confirming subjective responses to loudspeaker
characteristics.

The current testing program at Electro-Voice dif-
fers not in kind, but in degree. from previous ef-
furts, using this effective new toal 1o determine
more closely the optimum design parameters of
transducers for hame and industry.

For technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 1173N
629 Cecil St.. Buchanan, Michigan 49107

leclio Yoree

SETTiMG MEY MIOARDS IW SOUND

CIRCLE NO. 119 ON READER SERVICE CARD
4

Now...1n every

COMING
NEXT
MONTH

SPECIAL FEATURE ARTICLE ON:
SOLID-STATE STEREO RECEIVERS

An in-depth rundown on industry standards for testing hi-fi receivers, including actual E W
Lab Test results on a number of the newest solid-state receivers on the market. Among the
units Julian Hirsch will analyze are stereo receivers manufactured by Pioneer, Heath, Fisher,
Sansui, Kenwood, Sherwood, Electro-Voice, Scott, Bogen, Eico, Allied, and Lafayette.

ADVANCES IN MAGNETIC MATERIALS

Grain-oriented materials, new magnetic
alloys, ceramic and ferrite magnets, and
superconducting cryogenic magnets are
just some of the new dcuelopmcn!s
which arc advancing magnetic technol-
ogy. John R. Collins provides a rundown
on the new materials and their applica-
tions.

DESIGN FOR

LOG-PERIODIC FM & TV ANTENNAS
Construction details on FM-only and
FM-TV antennas which procide gains of
10 to 12 dB, beamwidths of about 50
degrees, and front-to-back ratios greater
than 20 dB. Both antennas can be fabri-
cated of readily available parts.

MEDICAL INSTRUMENTATION SYSTEMS
Up-to-the-minute information on how

electronics is helping doctors in the areas
of diagnosis and patient monitoring; in
therapeutic systems; and for important
hiomedical research.

STABLE, LOW-COST

REFERENCE POWER SUPPLIES

Carl David Todd describes the design of
a voltage supply to be used as a voltage
standard in small labs or shops. Featur-
ing compensating diodes, these supplies
may he used as a d.c. or a.c. calibrator to
check small voltage changes.

SELECTING THE RIGHT

CONSTANT-VOLTAGE TRANSFORMER

B.C. Biega, Sola’s Director of Engineer-
ing, outlines the factors to consider, in-
cluding types of waveform required, ca-
pacity, range of regulation, temperature,
and mechanical parameters.

All these and many more interesting and informative articles will be yours in

the December issu¢ of ELECTRONICS WORLD

on sale November 16th.
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 NEW!

MASTER COURSE
IN COLOR TV...

WITH NTS COLOR KITS

Big 25" Color TV kits included in new Master Color TV
Home Study program. Learn Color TV; keep the new 25"
color TV receiver you build with exciting kits we send you.
10 million homes in this country will have color TV by
the end of 1967. This industry needs technicians as never
before, and NTS-trained men can move quickly into the
big money.

COLOR TV SERVICING BRINGS HIGH PROFITS
New color sets need careful installation, precision tuning and skilled servicing. NTS home
training can put you in this profit picture—prepare you for big pay, security, or start a business of your own.

is is the "'space age”. It offers new op-
LIFT uFF Tn Lglrstulrslities inpcommunications, industrial
— electronics, computer tec_hnology, and many

9y others. Automation has |ncrga§ed the need

A“SPACE AGE for skilled electronics technicians in thou-
sands of manufacturing plants. Only the well

trained man makes it big. Industry wants and

his kind of man . ..the NTS man.
CAREER IN e ot T TS Project Method

Pick your field. Let an N .
Progr);m help you toward a well-paid career

in Electronics wherever you travel.

NEW AREER KIT ... FAST, EASY START TO NTS HOME TRAINING

The exclusive Project Method Career Kit helps you move quickly into
your training program. Earn while you learn as you progress with your
shop-tested Project Method lessons and kits.
Send for the New illustrated NTS Color Catalog. It shows the equipment
and kits you work with and keep. Describes in detail the advantages
of NTS Project Method Home Training. Tells you everything you need
to know about starting your career in electronics.

' : APPROVED

B NATIONAL G SCHOOLS (R T

4000 S. Figueroa St., Los Angeles, California 90037 VETERANS

s SV

! National offers accredited high school
programs. Take only subjects you need.

“owmssr Study at your own pace. Everything 7 1

2h -~ '\ included at one low tuition. Check B Please rush Free Color Catalog and Sample Lesson, plus detailed

£ @ﬁ special High School box in coupon for I information on field checked below. No obligation. Dept 240-117 I

r _ fullinformation & FREE catalog. ' (] MASTER COURSE IN COLOR TV SERVICING |
= e s ] O COLOR TV SERVICING !
CLASSROOM TRAINING AT LOS ANGELES I 3 MASTER COURSE IN TV & RADIO SERVICING |
You can take Classroom Training at Los Angeles in ’
Sunny Southern California. NTS occupies a city [J PRACTICAL TV & RADIO SERVICING i1
block with over a million dollars in facilities devoted [ (J MASTER COURSE IN ELECTRONIC COMMUNICATIONS 1
exclusively to technical training. 1
R S A e e oy ) FCC LICENSE COURSE H
MAIL REPLY CARD OR o . s (J INDUSTRIAL & COMPUTER ELECTRONICS k@f"“"“
COUPON FOR NEW, FREE * aa‘ e [J STEREO, HI F} & SOUND SYSTEMS i _ “3
COLOR CATALOG AND S5sat § (0 BASIC ELECTRONICS [ HIGH SCHOOL AT HOME % Ll °
SAMPLE LESSON. == I

e B e T e e 2 e e Fidl 2, Name Age '

NATIONAL GE5 SCHOOLS ~ [J acarss ; !
World Wide Training Since 1905 I ¢ .
4000 S. Figueroa St., Los Angeles, Calif. 90037 ) Gty : State _ Zip
You enroll by mail [C] Check if interested in Veteran Training under new G.I. Bill.

We have no salesmen: This means lower tuition for you. [ Check if interested ONLY in Classroom Traini
Accredited Member National Home Study Council in LiassroomiTreinng ait Los'Angeles.
Member: National Association of Trade & Technical! Schools B —

November, 1967
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NRI GIVES YOU THE

...for fast, fagcina.ting
training at home in TV-RADIO,
| ___;COMMUNICATIONS, ELECTRONICS
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Experience is still your best teacher

Here’s how you get it with NRI
Job-simulated training

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you Elec-
tronics is as much a ‘“hands on’’ profession as dentis-
try or chemistry. That’s the way you learn at home with
NRL. You put to work the theory you read in “bite-size”
texts, using designed-for-learning lab equipment you
build with professional components. You introduce
defects into circuits, do experiments, until the ‘‘why"
of circuitry and equipment operation comes clear
through demonstration. You gain experience with
transistors and solid-state designs as well as conven-
tional tube circuits,

NRI lab equipment is designed and engineered from
chassis up for education through practical experience
— not for entertainment, The fact that the end results
of your projects are usable, quality products is a per-
sonal bonus for you. Everything about NRI training has
but one ultimate goal — to make you employable in
your chosen field of Electronics by preparing you to
prove your practical understanding of actual equip-
ment; by giving you the equivalent of months, even
years, of on-the-job training. There is no end of oppor-

Over 50 Years of Leadership

tunity for the trained man in Electronics. You can earn
extra money in your spare time, have your own full-
time business, or qualify quickly for career positions
in business, industry, government. Discover for your-
self the ease and excitement of NRI training. Mail the
postage-free card today for the new NRI Color Catalog.
No obligation. No salesman will call. NATIONAL RADIO
INSTITUTE, Electronics Div,, Washington, D.C. 20016.

NRI has trained thousands

L. V. Lynch, Louis-
ville, Ky., was a
factory worker with
American Tobacco
Co., now he's an Elec-
tronics Technician
-1 with the same firm.
"t don't see how the NRI!

He says,
way of teaching could be im-
proved.*’

i Ronald L. Ritter of

ceived a promotion
before even finishing
the NRI Communica-
tions course,

hughest grades in Army proficiency
tests. He works with the U. S. Army

Eatontown, N.J., re. |

after o
scoring one of the &

G. L. Roberts, Cham-

paign, IN., is Senior
Techmc:an at the U.
of Illinois Coordi.

nated Science Labo-
ratory. In two years
he received five pay
raises. Says Roberts, “l attribute
my present position to NRI traine
ing."”

I 'Don House, Lubbock,
& Tex., went into his
& own Servicing busi-
ness six months after
completing NRI train-
ing. This former
clothes salesman just
bought a new house and reports,
““I look forward to making twice as

Electronics Lab, Ft. Monmouth, N.J.
“Through NRI, | know | can handle
a job of responsibility.”
AFPROVED UNDER NEW GI BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.
Accredited by the Accrediting Commission of the National Home Study Council

much money as | would have in my
former work."

in Electronics Training

Everything you see here is included in one typical NRI
home study course. Other courses are equally com-
plete. Your training starts with the NRI Achievement

Kit, sent the day you enroll. It contains the first of
your ‘‘bite-size’’ texts which are programmed with
November, 1967

designed-for-learning professional lab equipment.
Step-by-step, you learn with your hands as well as your
head. You discover the “‘why’’ of circuitry as you ac-
quire the professional’s most valuable tool — practical
experience in Electronics.

1
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DMS-3200

DIGITAL MEASURING SYSTEM

(Fully transistorized)

DMS-3200 wain Frame $320

(show!! with DP-100)

DP-100

OC Yoltmeter
Plugn

$175

DP-150
1 MC Counter
Plugan

$195

DP-170

Ohmmeter
Plug in

$240
DP-200

Capacity
Meter
Plugn

$240
DP-140

Event Counter
and
Slave Plug-in

$75

DESCRIPTION

The Hickok DMS-3200 Digital Measuring System is
a precision electronic measuring device which dis-
plays readings in digital form instead of the rela-
tively inaccurate and difficult-to-read moving-pointer
meter display.

Because the DMS-3200 consists of a main frame
which will accept a number of “plug-in” units, it can
be used to measure a variety of electrical param-
eters. The main frame provides display of the read-
ing; the plug-in determines the application.

The DMS-3200 is designed for rugged industrial
and laboratory applications. Sotid-state construction
and conservative design ratings insure tong, trouble-
free life. By utilizing a design which has the opti-
mum combination of accuracy capability and num-
ber of digit display, the DMS-3200 meets the generai
purpose measurement needs of industry for reliabie
digital measurement equipment in the $400 - $500
price range.

Ask Your HICKOK Distributor For A Demonstration?!

THE HICKOK ELECTRICAL INSTRUMENT COMPANY
10514 Dupont Avenus = Cleveland. Ohio 44108
CIRCLE NO. 113 ON READER SERVICE CARD
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LETTERS
FROM OUR
READERS

FET VOLTMETER
To the Editors:

In the February, 1967 issue of ELkc-
TRONICS \WORLD there appeared an FET
| voltmeter Lonstluction article by James

Randall (p. 63). Mr. Randall stated
'that the (.11()1(6 of both the FET and
‘ the transistor was dictated by economy
reasons.

With slight modifications, the origi-
nal circuit can be adapted to use un
leven cheaper set of semiconductors.
|P]e.1se refer to the schematic diagram
for the changes.

First, a Motorola MPF-105 FET ig
used. This is an n-channel unit and

", } .
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i 2 56
TERC
T‘ ‘Okﬂ 50u4
r— * 1% OR BETTER

i ,,_;M M:)

MOTOROLA  WOTOROL & e
WMPF 105 52925

OR G-E 2

I =
lit requires that the battery polaritv be
reversed. The MPF-105 is currently
listed at $1.00 each in single-lot quan-
tities.

Battery-polarity reversal permits the
| use of un economy-line transistor. This

can be either the G-E 2N2925 listing
| at 60¢ or the Motorola MPS 2925 listing
at 75¢ in single lots. The only real dif-
| ference between the transistors is bas-
|ing. The G-E unit is E-C-B, while the
Motorola has the more standard E-B-C.

One additional change is the use of
a 2500-ohm pot for the zero function.
The 10,000-ohm pot specified did not
provide as fine a resolution as was de-
sired.

As an electronics engineer at Bendix
| Corporation (South Bend, Ind.), 1 have
access to the lab standards. I was quite
amazed at the high degree of linearity
this circuit provides. 1 believe that use
of quulity resistors in the input network
and accurate calibration would enable
this device to come close to equaling
laly standard equipment.

Dewey W. EprrLEY
Nappance, Ind.

* * *

MICROWAVE ETV ARTWORK
To the Editors:
I have a bone to pick with vour ar-
tist for the lead artwork illustrating the
article “Microwave ETV—Svstem Plan-

www.americanradiohistorv.com

ning & Installation” on p. 34sof vour
May issue. The illustration shown at the
top left is a receiving dish with a mast-
mounted receiver. As a matter of fact,
it is a drawing of the same equipment
shown in the photo at the bottom of the
page. Now, if it’'s a receiving antenna,
how can it transmit a signal to the TV
set that the two students are watching
at the right?

Micnaer T. CRAWFORD

Minneapolis, Minn.

Reader Crawford is right, strictly
speaking. We did take a little artistic

license with the illustration. However,
parabolic dishes are used in the ETV
system for transmission as well. These,
of course, send their signals directly to
the receiving antennas, thence to the re-
ceiver and TV monitors. In other cases,
omnidirectional transiniiting  antennas
are employed to radiate signals to a
large number of widely separated re-
ceiving dishes.—Editors

® x *

LASER INTERFEROMETER

To the Editors:

In his article “The Laser Interfero-
meter” in vour June, 1967 issue, J. P.
Engeman states (near the top of the
right-hand column on p. 44), “Dou-
bling the variable path length halves the
resolution of the device, causing fringes
to occur everv 6.25 microinches.”

As conventionally used in the field of
optics, resolution is inversely propor-
tional to the smallest distance that can
be detected. Consequently, if the
smallest distance that cun be detected is
halved, then the resolution is doubled.
Theretore, the sentence in question
should read, “Doubling the variable
path length doubles the resolution of
the device. . . .”

Kexxera D. PoweLy, Jr.
Lindsey AS, W. Germany

Reader Powell's comment regarding
the increased resolution of the “folded
path” interferometer is quite correct.
Decreasing the fringe value from % to
% doubles the resolution.—Editors

= &* *
WHITE NOISE
To the Editors:

First of all, T wish to comment on
what a fine magazine yvou have. It nev-
er fails to be up-to-date und interesting.

ELECTRONICS WORLD
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LOOK!
A New Electronics Slide Rule

with Instruction Course
ﬁ ? %
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This amazing new “computer in a case”” will save you time
the very first day. CIE's patented, ali-metal 10 electronics
slide rule was designed specifically for electronic enginecrs,
technicians, students, radio-TV servicemen and hobbyists.

1t features special scales for solving reactance, resonance,
inductance and AC-DC circuitry problems . . . an exclusive 1 o
“fast-finder™” decimal point locater . . . widelv-used formulas e eCtrOI]_]_CS
and conversion factors for instant reference. And there's CLEILSS INSTITOTE 0 tirermonser
all the standard scales you need to do multiplication, divi-
sion, square roots, logs, etc.

Best of all, the CIE Slide Rule comes complete with an
Instruction Course of four AUT)-PROGRAMMED “lessons. It
includes hundreds of illustrations, diagrams and practice
problems. You’ll learn ingenious short cuts...whip through

CLIVELANG 940

exacting electronics problems quickly and accurately. This
course alone is worth far more than the price of the
entire package!

Electronics Slide Rule, Instruction Course, and handsome,
top-grain leather carrying casc . . . a $50 value for less than
$25. Send coupon for FREE illustrated booklet and FREE
heavy vinyl Pocket Electronics Data Guide. Cleveland
Institute of Electronics, 1776 E. [7th St., Dep. EW-145,
Cleveland, Ohio 44114,

*TRADEMARK

r |

GET BOTH FREE! | Cleveland Institute |

| of Electronics |

I 1776 E. 17th St., Dept. EW-145, Cleveland. Ohio 44114 I

1 Pieasc send FREE lllustrated Booklet describing your Electronics Slide Rule and ]

I Instruction Course. |

| SPECIAL BONUS! Mail coupon promptly...get FREE Pocket Electronics Data |

k | Guide too! |
{ Name }

¥ (PLEASE PRINT) i
gl Address County. i

{ City State Zip I

. % 4’ A leader in Electronics Training...since 1934, l
R L e e e e e e ———— -t
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Sony TC-660 Tape Recorder

Sony TC-660 Tape Recorder

For copy of manufacturer’s brochure, circle No. 35 on Reader Service Card.

-
-

-
e
8

SERS of two- or four-track reel-to-

reel tape recorders have uahwuys
hhad to remove and interchange the
recls after each pass in order to cover
all the recorded tracks. This is, at best,
an annoyance, bul in many cases it
mav have deluved acceptunce of the
tape recorder as a key part of the aver-
age home music svstem.

Considerable eflort hias been expend-
ed by tupe recorder manufacturers in
overconming this problem. Automatic
reversing svstems have been devised
which are actuated by a conducting
metal foil spliced near the end of a
tape or by tension sensors which are
operated bv un extra strong leader fas-
tened to the supplv reel hub. Both sys-
tems require physical modification of

wderione’

|é~ o

previously recorded tapes, which is ob-
viously undesirable.

Another technique uses a sub-sonic
tone which the user records on the tape
at the point where reversal is desired.
Although no physical alteration of the
tape or reels is recuired, this method
nevertheless calls for a specific action
on the user’s part.

The Sony TC-6G60 tape recorder fea-
tures what the manufacturer calls “ESP”
(Llectronic Sensory Perception). This
is an ingenious solution to the auto-
matic reversal problem. Like any auto-
malic reversing recorder, the TC-660
has two playback heads, one for each
direction of tape motion. The ESP cir-
cuitry, which uses 7 transistors and
many other components, continuously

S T e R AN i N R 10 O i B2
i . { i e
Clyms t = .
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i
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monitors the output from both heads.
When no signal has been present on
either set of tracks for 10 seconds, the
tape reverses direction almost instantly
and the second set of heads is connect-
ed to the plavback amplifiers.

The ISP system operates only on
playback in the normal (left-to-right)
direction and can be switched off if
conventional operation is desired. The
tape can be reversed manually at any
time and the appropriate heads are
selected by this uction. Unlike some
auto-reverse recorders, the TC-660 has
two sets of record and erase heads so
that the tape can be fully recorded
without removing or interchanging
recls.

The ESP svstem worked flawlessly
in our use tests and made it possible to
enjov up to three hours of recorded
music without any attention to the re-
corder. There are two precautionary
notes which are duly pointed out in the
instruction manual. If a recorded tape
does not have 10 seconds of silence al
the end of the first side it is necessary
to splice a few feet of leader to the
tape. If recorded levels are exceptional-
ly low, the ESP circuit may not func-
tion properly. However, these situa-
tions are uncommon and, for the most
part, the ISP represents one ot the
mosl elegant and workable solutions to
the tupe reversal problem we have en-
countered.

The recorder is an all solid-state 7%
and 3% in/s quarter-track machine in
an attractive portable case. Loading
tape is simplified by straight-line thread-
ing. All transport functions, including
the instant stop or “pause,” are solenoid-
operated through feather touch controls.
The tape bounce and momentary
“wow” which many recorders exhibit
after release of the instantuneous stop
are virtually absent from the TC-660.

The front of the recorder has two
input jacks to accommmodate the Sony
F-96 dynamic microphones supplied
and which are stored in the detachable
speaker housings when not in use. In-
dividual red “Record” interlock buttons
for the two channels must be pressed

(Continued on page 85)

ELECTRONICS WORLD
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Tape it with a Sony Solid-State Stereo 560

There’s a world of beautiful music waiting for you and it's yours for the taping. Let Sony-superb 4-track
stereo capture every note faithfully while you relax in your easy chair. Simply connect your stereo tuner
to the Sony Solid-State 560, “'Stereo Compact Portable,” and tape your favorites off the air. Here is the
nucleus of a complete stereo sound system with an ESP automatic reversing stereo tape recorder as its
main component. The Sony-unique Stereo Control Center permits four separate stereo components to
be connected to its stereo preamplifier and 20-watt music power amplifier. Push buttons select your
component source for listening or recording. Individual input level controls balance output whenever
you switch between components. Sony’s revolutionary ESP Reverse electronic brain constantly scans and
automatically senses the voice of music modulations on your recorded tapes. When these modulations
stop, the ESP (Electronic Sensory Perceptor) automatically reverses the tape direction in 10 seconds. The
Sony Solid-State 560 incorporates the most advanced electronic developments for sound-quality control.
The Sony-exclusive Servo-Control Motor provides, among other things, the flexibility of AC/DC
operation and variable musical pitch tuning. Non-Magnetizing Heads eliminate the most common cause
of tape hiss. The exclusive Scrape Flutter Filter eliminates tape modulation distortion providing the
purest recordings ever. An exclusive Noise Suppressor Switch eliminates any undesirable hiss that may
exist on older recorded tape without affecting the sound quality. All of this is yours, with two Sony F-98
cardioid dynamic microphones for less than $499.50! Check these Sony-exclusive features for luxury
listening: M ESP Automatic Tape Reverse B Stereo Control Center B Scrap Flutter Filter @ ServoControl
Motor B Noise Suppressor Switch B Non-magnetizing Heads.

SONY'S PROOF OF QUALITY — A FULL ONE YEAR WARRANTY

SONY-n sUPE”scaPE® The Tapeway to Slarcz“

8138 VINELAND AVENUE =+ SUN VALLEY, CALIFORNIA + 91352

Sony Solid-State 560D ESP Automatic Reverse Stereo Tape Deck Recorder. If you already have components or a package
stereo system, simply connect the Sony Solid-State 560D Stereo Tape Deck Recorder and add the incomparable advantage
of stereo tape to your present stereo sound system. Here is the same superb ESP Reverse stereo tape deck that is the
main component of the Sony 560. You will find every feature and the same advanced elecironic developments for sound-
quality control less the Stereo Control Center and speakers. Yet, mounted in its own handsome, low-profile walnut cabinet
with recording amplifiers and playback preamplifiers, the Sony 560D sells jor less than $349.50!
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Reflections on the NEW

By WALTER H. BUCHSBAUM//Contributing Editor

We have selected a number of recent news items which we be-
lieve will be of interest to our readers and have some impact on
our industry. In presenting this information, we have stressed hard
facts and consulted specialists to bring you these new forecasts.

X-Ray Danger from Color-TV Sets

Following G-E's recent withdrawal and repair of a large number of color-TV sets because of the x-ray danger, politicians at
all levels are uniting to extend protection of Federal legislation to the consumer already faced by so many dangers. (See John
Frye's column “Radiation and the Technician” on page 52 of this issue.)

The National Council on Radiation Protection and Measuremen’s (NCRPM) has recommended a maximum radiation level of
0.5 milliroentgen/hour measured about 2 from the surface of the TV receiver. Some of the TV sets withdrawn by G-E are said
to have produced levels between 500 and 5000 milliroentgens, measured at a particular spot below the chassis of this set.
X-ray emission is primarily due to high-voltage electrons striking the metal elements of the h.v. regulator tube. Radiation de-
creases as the square of the distance and this means that a 5000 mR leve) at 2” is reduced to 15 mR at 3 feet.

By comparison, during a chest x-ray, between 10 to 200 mR are actually absorbed by the body tissue. The average back-
ground radiation due to natural sources in the United States varies between 100 and 300 mR per year. Standard hospitat
practice in New York State allows workers in x-ray laboratories to absorb 100 mR per week of constant radiation and much
larger amounts in brief doses.

All of the radiation levels measured for medical purposes are in the very short wavelength range and are considered “hard”
x-rays. The type of x-rays which can be produced by color-TV sets at a voltage of approximately 25 kV, on a non-tungsten tar-
get, have a much greater wavelength and are generally called ““soft” x-rays. This latter type of radiation is greatly attenuated
by glass and many other materials. “Soft” x-rays penetrate only a few millimeters into the human skin, but very large doses
will definitely injure the skin. If the eye is irradiated by “soft” x-rays in sufficient doses, serious injury may occur.

We reviewed these facts with a doctor who heads the radiology department in a famous hospital. He agreed with other
radiologists that the radiation effects of a yearly chest x-ray and a yearly dental x-ray are far greater than anything that would
be encountered while watching a color-TV set. Technicians working with exposed high-voltage circuits could be endangered,
especially if the eyes are close to an unshielded source of h.v. electrons. Most manufacturers are now sending out warnings
to their dealers concerning this hazard.

Miniature TV Antennas

CBS TV Film Device

18

Newspaper accounts have described a miniaturized antenna, a few inches long, housed inside the TV cabinet, which will re-
place present roof installations. Such an antenna was developed by E. Turner of the U.S. Air Force and H. Meinke of Munich,
Germany. Their technique reduces the length of a whip or dipole antenna by substituting the electrical inductance or capaci-
tance of a transistor circuit for physical length, similar to the loading coils used in mobile installations. These antennas are
suitable for military applications where their omnidirectional characteristics can be tolerated and where the signal-to-noise
ratio is not a critical parameter.

As anyone who has ever installed a TV antenna knows, the directivity is frequently of the greatest importance. Even simple
rabbit-ear dipoles have some directivity, practically all outdoor antennas are designed to have far more. This directivity is
generally obtained by use of reflectors, directors, and active antenna elements in the array. Even if the elements themselves
could be made smaller by the use of transistor circuitry, the distance between the elements in the array would have to be
several feet at v.h.f. Very little would then be gained because such an antenna, while narrower, would still be much too
long to be housed in a TV receiver cabinet.

Some directivity is claimed for a loop configuration of the miniaturized antenna system. The front-to-back ratio in this par-
ticular configuration is only on the order of about 3 dB, hardly sufficient to eliminate ghosts.

The inventors readily admit that the use of the transistor contributes noise while use of the shorter antenna itself reduces
the otherwise expected signal-to-noise ratio. The sum total of these two effects is a signal-to-noise ratio considerably worse
than that of the standard dipole.

In our opinion the time to tear down the antenna installation from the various roofs in metropolitan, fringe, or far-fringe TV
areas is not yet. Unless new principles of electromagnetic theory are discovered or unless the presently accepted principles
can somehow be overthrown, it will be wise to rely on the commercially available “large” antennas for the next few years, at
least.

The recent annourcement by CBS Laboratories of a new TV recording system does not concern a new type of video tape
recorder, but consists essentially of a “super 8" size movie film which is electronically scanned and converted into video
signals. The master film can be prepared from video tape, movie film, or live pickups and a number of prints are then made
which can be used for viewing on TV sets. The outstanding features of the CBS development are the use of new, strong, flex-
ible and extremely thin fitm material, similar to magnetic tape, but containing movie pictures of great resolution. Unlike movie

CIRCLE NO. 122 ON READER SERVICE CARD —»
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Want a real man’s job and pay?

Join "THE TROUBLESHOOTERS™

who get paid top salaries for keeping
today’s electronic world running

Behind today’s microwave towers,computers,
pushbutton phones, mobile radios, TV equipment,
guided missiles, etc.,stand THE TROUBLESHOOTERS
—the men who inspect, install and service these
modern miracles. Here’s how you can join their
privileged ranks —without having to quit your job

or go to college to get the necessary training.

ARE YOU IN THE MARKET for a better job—a real man’s job that will earn
you a real man’s pay? Your best bet is to join the ranks of today’s
Electronics Troubleshooters.

Just think how much in demand you would be if you could prevent a
TV station from going off the air by repairing a transmitter...keep a
whole assembly line moving by fixing automated production controls...
prevent a bank or an airline or your Government from making serious
mistakes by repairing a computer.

Today, whole industries depend on Electronics. When breakdowns or
emergencies occur, someone has got to move in, take over, and keep
things running. That calls for one of a new breed of technicians—The
Troubleshooters.

Because they prevent expensive mistakes or delays, they get top pay—
and a title to match. At Xerox and Philco, they’re called Technical Rep-
resentatives. At IBM, they’re Customer Engineers. In radio or TV, they’re
the Broadcast Engineers.

What do you need to break into the ranks of The Troubleshooters?
J You might think you need a college diploma, but you don’t. What you
need is know-how—the kind a good TV serviceman has—only lots more.

The serviceman, you see, “thinks with his hands.” He learns his trade
by taking apart and putting together, and often can only fix things he’s
i already familiar with. But as one of The Troubleshoaters, you may be
i g,:_‘;i: (centinued on next page)
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They’re earning top pay as Electronics Troubleshooters
—now you can do the same

Troubleshooter for IBM Wins Management Position

Owns his own busmess

CIE graduate Ed Dulaney
credits his training with
helping him realize his
highest ambition — owning
his own two-way radio bus-
iness. ‘Now,” he writes, *‘I
manufacture my own equip-
ment, with dealers who sell

Raymond Ott trained with
CIE while in the Air Force.
“The day after leaving serv-
ice,” he says, "I passed my
FCC exam-first try! Then |
got my present job as As-
sociate Customer Engineer
with IBM, working on com-
puters and related elec-

“Upon completion of my CIE
course,”” writes Thomas E.
Miller, Jr., ““I was swamped
with job offers. My only
problem was to pick the
best offer, and | did—engi-
neer with Indiana Bell Tele-
phone. CIE made the differ-
ence between just a job and

it in seven states, and have
seven full-time employees.”

tronic equipment.”

(continued from preceding page)

called upon to service complicated equipment that you've never

secn before or can’t tuke apart. This means you have to be able
to take things apart *“in your head.” You have to know enough
Electronics to understund the engineering specs, read the wiring
diagrams, and calculate how a circuit should test at any given
point.

Now learning all this can be much simpler than you think. In
fact, you can master it without setting foot in & classroom and
without giving up vour job!

AUTO-PROGRAMMED ®

Lessons Show You How
For over 30 years, Cleveland Institute of Electronics has spe-
cialized in teaching Electronics at home. We've developed spe-
cial techniques that make learning casy, even if you’ve had
trouble studying before. Our AUTO-PROGRAMMED lessons build
your knowledge as easily and solidly as you'd build a brick wall
—one brick at a time. And our instruction is personal. Your
teacher not only grades your work, he analyzes it to make sure
you are thinking correctly. And he returns it the same day it’s
received.

Get FCC License—or Your Money Back!

Many types of troubleshooting call for a Government FCC Li-
cense, and our training is designed to get it for you. But even if
your work doesn’t require a license, it’s a good idea to get one.
Your FCC License will be accepted anywhere as proof of good
electronics training.

Cleveland Institute of Electroniecs
1776 East 17th Street, Claeveland, Ohio 44114

ci

Please send me without cost or obligation:

* Your 40-page book “How To Succeed In Electronics” describing the job
opportunities in Electronics today, and how your courses can prepare

me for them.
* Your book on “How To Get A Commercial FCC l.icense.”
I am especially interested in:

[J Electronics Technology
[ First Class FCC License
[] Broadcast Engineering

[] Electronic Communications
[ Industrial Electronics
[J Advanced Engineering

Name___ e e S— Age
(please print)

Address e e

City__ - = _State ___Zip.

[J Check here for G.I. Bill information

a management position.”

And no wonder. The licensing exam is so tough that two out
of three non-CIE men who take it fail. But CIE training is so
effective that 9 out of 10 of our graduates pass! That’s why we
can offer this Warranty with confidence: /f you complete one
of our license-preparation courses, vou'll get your license—or
your money back.

Mail Card for 2 Free Books
Want to know morc? Mail the postage-paid reply card below.
We'll send our 40-page book describing our courses and the
latest opportunities in Electronics. We'll also send a special 24-
page book on how to get a Commercial FCC License. Both are
free. If the card has been detached, just send us your name and
address.

ENROLL UNDER NEW G.IL BILL. All CIE courses are available
under the new G.1. Bill. If you served on active duty since January
31. 1955, or are in service now, check box on card for G.I. Bill
information.

o

Cleveland Institute

of Electronics
1776 East 17th Street, Dept. EW-38
Cieveland, Dhio 44114

Accredited Member National Home Study Council* A Leader in Electronics Training .. Since 1934

<j JUST DETACH AND MAIL THIS POSTPAID CARD

GET 2 FREE BOOKS

THAT CAN CHANGE YOUR LIFE

How To Succeed
bt In Electronics I I

I

How to get a
Commercial
FCC License

Find out how you can prepare for a

' high-pay job and how to get an FCC
" License or your money back

Accredited Member National Home Study Councili+A Leader in Electronics Training ... Since 1934
Ew-38
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films, the new CBS film moves continuously, without the pull-
down and shutter effect, and without sprocket holes. The optical
transducer for the TV playback device apparently consists of a
light source and a photo pickup. While CBS had not divulged
the exact method of playback, a type of flying-spot scanner,
such as used in TV studios, could provide the means of trans-
ducing the photographic picture into video signals. Synchroniz-
ing information, in the form of black-and-white markings along
the edge of the film, can provide the frame-by-frame synchroni-
zation.

For the reproduction of color pictures, two separate frames,
side by side on the film, are used. One frame contains the
“black-and-white” picture content while the other frame pro-
vides the color information. This is compatible with the present
color-TV system where the Y signal contains the brightness in-
formation and the color subcarrier contains all the color infor-
mation. The actual pictures are much smaller than standard
8-mm movies. Good resolution is obtained by using microfilm
techniques. An added feature of this new CBS development is
provision for stereo sound, which is also recorded on the film,
somewhat similar to the sound track used in 16- and 35-mm
sound film systems.

The CBS system is intended primarily for educational TV
systems where a film played at a central location can be viewed
on TV monritors in different classrooms. For the home entertain-
ment market, the attractions of this system appear somewhat
limited. It is now possible to rent or purchase sound movies at
relatively low cost. Even if the cost of the CBS playback device
is brought down to the projected $270, this is only barely com-
petitive with film which can be viewed on a large screen, rather
than from the face of a TV tube.

At the present time, CBS is still conducting tests, mostly in
school situations in England and does not plan a full-scale
demonstration of the system in this country until April of next
year.

We can conclude that video tape recorders are here to stay
and that their eventual application to the home market will not
be impeded by the CBS Labs development. This development
may, however, provide a valuable addition to educational TV
and to some other applications where the use of microfilm tech-
niques, combined with TV viewing, will offer a substantial ad-
vantage.

New Uses for the Telephone

In a little noticed FCC recommendation, the likelihood of
increasing the scope of the electronic-minded individual has
been greatly increased. In the past, AT&T has maintained con-
trol over any devices which might be connected to its tele-
phones, but recently a number of small companies have tried
to break this monopoly by the sale of special phones and such
devices as telephone answering machines and telephones con-
nected to fire and burglar alarm systems. As recently as a year
ago, AT&T developed a new unit, the Alarm Coupler, which
would permit “foreign’ devices, i.e., those not made by AT&T,
to be connected to the telephone line and transmit dial and
alarm information. This device has not been widely marketed
by AT&T.

The FCC Broadcast Bureau has now thrown its weight against
AT&T. By interceding in the case of Carter Electronic Association
vs AT&T, the Bureau has recommended that AT&T's monopoly
on devices connected to telephone lines be broken. This would
open a vast market for a wide variety of electronic devices
ranging from the obvious connection of radio links to the tele-
phone lines to automatic dialing alarm systems, and remote
control devices for kitchen equipment, air conditioners, and
many other appliances.

These new services will add greatly to the revenues of the
telephone company. For these reasons and because of public
pressure, it is a safe bet that AT&T will allow “foreign” devices
to be connected to its lines—at least to some extent—for a
nominal service charge. A
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...the soldering tools
professionals depend on

original Dual Heat
Soldering Guns

Preferred by technicians for their
fast heating copper tips, exclusive
trigger-controlled dual heat, and high
soldering efficiency. Available in 3 watt-
age sizes, each with spotlight.

100/140-watt Model 8200, 145/210-watt
Model D-440, and 240/325-watt Model
D-550. Also in complete kits:

e Model 8200PK includes 100/140 watt gun, extra tips, tip-
changing wrench, flux brush, soldering aid and solder

e Model D-550PK heavy-duty 240/325 watt gun kit with solder-
ing, cutting and smoothing tips, wrench and solder

Dependable MARKSMAN irons
in a size for every job

Ideal for deep chassis work and continuous-duty soldering,
Marksman irons outperform others of comparable size and
weight. All five feature long-reach stainless steel barrels
and replaceable tips.

e 25-watt, 134-0z. Model SP-23 with Y5” tip (In kit with extra tips,
soldering aid, solder—Model SP-23K)

e 40-watt, 2-0z. Model SP-40 with 4" tip
e 80-watt, 4-0z. Model SP-80 with 3’ tip
e 120-watt, 10-0z. Model SP-120 with A" tip
e 175-watt, 16-0z. Model SP-175 with %" tip

NOW a BATTERY OPERATED IRON
for field servicing

Use this lightweight service tool for automotive wiring,
model planes, or mobile communications. Works from any
12 volt battery or 12-14 volt
AC/DC supply. Supplied com- L
plete with long-life patented - ,? -~
“Temperature Sensing tip, 3 ¥ =
12-ft. power cord and terminal 5
clips. Model TCP-12—12 volt;
Model TCP-24 — 24-28 volts.

Complete Weller Line includes replacement tips and solder
at your Electronic Parts Distributor

WELLER ELECTRIC CORPORATION, Easton, Pa.

WORLD LEADER IN SOLDERING TECHNOLOGY
CIRCLE NO. 83 ON READER SERVICE CARD
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WHY?
Because Non-Linear Sys-
tems introduces (X-3), a
solid-state integrated cir-
cuit DVM *(VTVM)" with
extras for $695.
DC Volts:

10mvto 10K v

1% 1 digit
100 Megohm input

impedance, entire

_ $695.00

1C Millivoits resolution
3% Accuracy
20 Hz to 500 MHz
10 Megohms Input
Impedance
Resistance:
10 Ohms to
2000 Megohms
1% = 1 digit to 200K
Current:
10 Nano Amps to

.\)

(and atlast)
No Needless

ﬁNeedles

LOOK AT THESE EXTRAS

100% Over-range Digit

Cver-load Indicator

Over-load Protection

Automatic Polarity

Display Storage

High CMR

Unique Low, Medium, and
High Range Selector

Originator of the Digital Volimeter

range 200 Milliemps NON-LINEAR SYSTEMS, INC.
i i oL =+ i DEL MAR, CALIFORNIA 82014
10 Microvolts resolution 1% = 1 digit s e e
AC Volts: Yes, all these extras for

200 Millivolts to 00 volts $695 (including probes)
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THE NEW BREED OF
DIGITAL
UOLTMETER

By A. H. SEIDMAN, Contributing Editor

Editor’s Note: Thanks to the use
of loic-cost transistors and in-
tegrated circuits, prices and sizes
of new d.v.m.’s have dropped.
The introduction by Fairchild,
during the March IEEE Show, .
of a 3%-digit digital vote-ohm-
meter using 1C’s and selling for
about $250 in large quantities
and just under $300 in small
quantities created quite a stir, to
say the least. (See July 1967
“Test Equipment Product Re-
port”.) To meet this competition
and what is felt to be an expand-
ing instrumentation market, man-
ufacturers are coming oul with
new' moderately priced models
and are finding it difficuls to keep
up with their orders. Because of
the reduced cost, many manu-
facturers are considering build-
ing such instruments into their
equipment. This article gives
details on as many of these
new under-$600 instruments on
which we were able to obtain
information. <

N

(-
s &

‘ HE idea of reading an unknown voltage directly as
I a number (digital veadout), instead of having to
squint at a continuous meter scale, do some mental
interpolation, and guard against parallax errors (analog
readout), is irresistible. The advantages of digital over ana-
log readout are accuracy, speed, and simplicily; guesswork
is eliminated and the instrument can be used by unskilled
personnel.

The first digital voltmeter (d.v.m.) was marketed by
Non-Linear Systems in 1953. Since then, many companies
have munufactured d.v.m.’s ranging in price from a few hun-
dred dollars to several thousand dollars, with accuracies
of 0.1 percent and better. The market for d.v.m.’s in 1967
is pegged by many at 30-million dollars; in the next year or
two, it is estimated that the muarket will double to 60-mil-
lion dollars. Because of current demand for d.v.m.’s, some
companies queried have declaved that thev could not keep
up with orders.

Undoubtedly the catalyst for the meteoric rise of digital-
readout instruments has been the transistor and, more re-
cently, the integrated circuit. The circuits of a d.v.m. are
imposing and sophisticated, requiring many components in
digital-type configurations. For example, a d.v.n. can use
some G0 transistors. Just imagine if vacuum tubes were used;
their heater power alone would come to 120 watts, not

“€-CIRCLE NO. 102 ON READER SERVICE CARD

Today, one need not pay
several thousand dollars for a d.v.n.;
a wide choice is now available at under $600.
Here's a detailed examination of nine such
moderate-priced meters, along with a discussion of
important specs needed in making a good choice.

to mention reliability and cooling problems, greater weight
and larger size, and higher cost. Although there have heen
reports of reliability difficulties with some integrated circuits
and small-size indicator tubes, these problems appear to
be solved. In fact, future d.v.m.’s will use more integrated
circuits than discrete components.

An early example of a digital-readout instrument is the
frequency counter; the basic counting circuit of this instru-
ment is also found in the d.v.m. Tektronixv is marketing an
oscilloscope that permits digital readout of voltage and time.
Digital readout of time differences as small as 50 us,
pulse rise times as fast as 0.4 ps, and pulse amplitudes as
small as 2 mV peak-to-peak wre possible. Upper and lower
limits for voltage and time can be preset for “go/no-go”
indication, a valuable feature for production testing.

In this article, emphasis will be placed on d.v.m.’s in the
$600-and-under price range. Many of these units have plug-
in modules that permit digital readout of current, a.c.
voltage, resistance, capacitance, ete. In this price range,
d.v.m.’s generally have 4-digit readout and full-scale accu-
racies of =0.1%. In the higher-bracket class, for example
$1440 buys Dana’s Model 5400 d.v.m. having 5-digit readout
and =0.01% accuracy. Fairchild’s Model 7200 multimeter
provides a 6G-digit display and =0.001% accuracy; price is
$3500. For $4250, I1cwlett-Packard offers Model T10O4-34G0A
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d.v.m. which features 7-digit readout and an accuracy of up
to 0.0005%.

Applications

Digital voltmeters find wide application where theve is a
need for making rapid and accurate d.c. voltage measure-
ments. With plug-ins, measurement of other quantities is
possible with the same speed and good uaccuracy. Obvious
areas where a dov.m. is useful are on production lines, in
quality control, in research and development, calibration,
and OENI equipment.

Some digital voltmeters feature digital readout in binary-
coded decimal (BCD) form of the voltage being measured.
The d.v.m. thus behaves as an analog-to-digital voltmeter,
converting an analog quantity (voltage) to a digital signal.
With the growing importance of digital computers and svs-
tems, this is another area where the d.v.m. enjoys wide appli-
cation.

Besides its usefulness for high-accuracy measurements, the
simplicity of the d.van. makes it ideal for use by unskilled
personnel. It is questionable, however, if the superior accu-
racy and simplicity of use of the d.v.m. over an anulog

meter is worth the additional cost to the usual service tech-
nician; he seldom requires very high accuracy and he is
used to using analog instruments.

Understanding the Specs

The purchaser of a d.v.m. is assailed by claims and speci-
fications in advertisements and catulogues. He reads terms
like “accuracy”, “resolution”, “overrange”, and “common-
mode rejection”, and wonders what all this really means. In
this section the more important specifications, especially
those that often result in misunderstanding, will be explained.

Accuracy is a statement of the largest allowable error ex-
pressed as a percentage, an absolute value, or in digits of
the reading. For example, if 0.1% total error on the 10-volt
scale with a 3-digit readout is specified, the maximum devi-
ation is 1 digit. If 0.1%, =1 digit is specified, this implies a
2-digit maximum error in the reading. [t is important to
note if the quoted accuracy figure applies to all ranges and
at all input voltage levels, up to the overrange value (sec
below).

Overrange denotes by how much a selected voltage range
can be exceeded and the instrument still maintain its speci-

Table 1. Specifications for digital voltmeters that are in the under-$600 price range. (See cover for photo of instruments.}

wersurmgy| NORMAL: | COMMON. ROE
NT MODE MODE
INSTRU- | rypg  [DISPLAY| VOLTAGE |FULLSCALE| OVER. |" SPEED | REIECTION | REJECTION Wby | PRICE® | ACGESSORIES
e ACCURACY (samples/s) | (@ 60 Hz, | (@ 60 Hz, | o't )
in dB) in dB) (h, V.l,‘d,)
25
Digitec i J 509, low, 10
Model 252 | Ramp g $°”{m2vl?£’s° i?%?;/,"t 20% high : s 80 |4y, x 8% | $585 None
range x 111,
15
, Four, 1-100C | +0.19%, 7 Autorange,
3332?'?30 Integrating 4 |y 1'mV res | =1 digit 50% 3 40 100 o g $495 S
X lol/z
) e A.c. module
Five, 0.1- 409
o i =0.1%, 7 2 — 12, (6203) $250
Series 6200 |!ntegrating 4 %)Olo?n\\ll - =1 digit (i)a%eoptvon 80 7 x 81 $580 Counter (6202)
: - x 11 $210
Four, 1.5- 7 "
irchi ) Set of five
Fairchild 1000 v, 1- +0.1%, 4
Model 7050 | Dual slope 4 mV res. (also | =1 digit 50% 6 e ae 3Y, x 6% $299 current4;hunts
measures res.) x 7Y% $
20 .
Hewlett. . i . Voltage ratio
“Packara | Staircase s |100 3:101. =01%, | 60% 2 .o 0 g %, 4| 3995 | option (01)
Model 34308 P mv res =izt 1 3575
Events counter
(DP-140) $75
. 1-MH t
Hickok Five, 0.1- =019, 14 (0P-1150C)°usq;§
Model DMS- | Integrating | 3 [1000V, 0.1 | = i"aigit | 40% 10 80 e hu,| M | ohmmeter
3200 mV res. :12% A (DP-170) $240
Cap. meter
(DP-200) $240
] Four, 1-1000 - }g
anus . vV, 01 mV +0.059 0
Model 404 | Integrating I | * % 30% 3 (@ 40 H2) 120 37, x 101,| $495 None
10- 1A range) x 10%
12 .
i Four, 1-1000 o 8 $550 | BCD optuon,.
ﬁﬁlg]dp;o;mo Ramp 4 vV, 0.1I-mV f?%slg/ﬂ 20% 0.5 2 we 4 x 8 (approx) | cost not avail-
res. B x 11 able
Five, 0.1- an
1000 V (also
Weston Panel +0.1% 3
Meter g |ourent 10 | F 2 | s09% 2 35 100 |3%s x 4%| $312 | None
Model 1270 Dual slope ‘rlé_lioso ma) | =1 digit ‘1Y,
1/1000
*Where applicable, price includes frame plus d.c. voltage module. **Not specified by the manufacturer.
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HIGH HIGH =1 HIGH -
) + ZI ) 2 ZI ,
D.V.M Ex - g, —— ==
o E DVM. x = DV.M.
0— B MEASURING e MEASURING
cI ! CIRCUIT Qo CIRCUIT
GND LOW LOW
L Ay S | o
CASE
+ + ——Cl
E2—— /\ E2 ==
2 Ig, —t Te2 GUARD
T
- . G
CASE CASE
— GND = GND
(A) (B) (C)

Fig. 1. (A) Typical floating voltmeter. (B) Conditions existing for measuring floating voltages. (C) Use of guard arrangement.

fied accuracy. Assume the instrument is on the 10-volt range
with a full-scale accuracy of (.1%. 1f the specified overrange
is 60%, this means that on the 10-volt range an excess up to
60% of 10 volts (6 volts) can be applied to the meter and
the reading will meet the 0.1% accuracy figure.

Resolution refers to the simallest change in input voltage
that a dovan. can detect and indicate. Tt is the voltage repre-
sented by the least significant digit of the display, general-
ly quoted for the smallest range of the instrument.

Floating voltmeters (Fig. 1A )ure typical of low-priced
instruments. Capacitor C1 is present to minimize hum origi-
nating in the instrument’s power transformer. In making mea-
surements with respect to ground, there are usually no prob-
lems with ground currents. Conditions existing for measur-
ing floating voltages wre shown in Fig. 1B. The d.c. valtage
to be measured is E,; E1 is any u.c. that is in series with E;
voltages 12 and E3 ure referred to as the common-mede
voltages that exist above ground. The equivalent impe-
dances of the circuit being measured ure represented by Z1
and Z2. Neglecting IZ1, for the present, ground-loop current
L., resulting from E2 and E3, produces a voltage drop across
Z2 that adds to or subtracts from E; the voltuge read by
the meter is thus different from I,

In the guarded d.v.m. of Fig. 1C, the measuring circuit
is enclosed in a shield or guard that isolates it from the rest
ol the instrument. Z3 represents the impedance (mainly
stray capucitance) between the shield and instrument case.
This impedance is now in series with C1; the resultant im-
pedance is very high and the effective
ground current I, is much less than [,
for the Hoating meter. The voltage drop
across 72 is therebv greatly reduced
and the voltage read by the meter is
verv close to the true value of I,.

A.c. generator E1 in either Figs. 1B
or 1C represents series, normal, or sup-
erimposed noise. Its rejection bv the
d.v.m., teymed nermal-mode rejection,
is expressed in dB and relates the actual
value of E1 to its value read on the me-
ter. The larger the rejection figure, the
better the meter rejects this tvpe of
Holise.

The ability of the instrument to reject
the d.c. common-mode source E2, is de-
fined as the d.c. common-ode rejection
and is expressed in dB us:dB = 20 logn
(E2/E,) where L, is the reading of
the voltmeter. The «a.c. common-mode
rejection refers to the meter’s ubility to
reject the a.c. common-mode signal, E3;
it is defined by the above equation with
E3 substituted for L£2. In either case,
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The Fairchild 7050 is one of the
most compact of the d.v.m.'s.

the higher the common-mode rejection figure, the less sensi-
tive is the instrument to ground noise.

In discussing stability, one has to distinguish between
short-term and long-term stability. The short-term variety
refers to random variations in the meter reading in either the
positive or negative direction. The eflects of short-time sta-
bility should be included in the quoted accuracy figure for
the meter.

Long-term stability refers to the inherent drift of the in-
strument and is equivalent to a calibration shift. For this rea-
son, most d.v.m.’s have a front-panel calibration control. In
specitving long-term stability, the degree ol measurement
repeatability and the length of time for which it holds should
be mentioned.

Response time is the time it takes for a voltmeter to reach
a reading (within its accuracy limit) to a transient input,
like a step function. If the instrument uses a filter to mini-
mize noise, the effect of the filter should be included in this
specification. In an integrating-tvpe d.v.an. without u filter,
the response time is under 100 milliseconds; if a filter is used,
the response time can be several hundred milliseconds.

Rcading time is the time required for the d.v.m. to com-
plete one encoding operation. The sampling rate, in sainples
per second, is the reciprocal of reading time.

Autoranging permits the automatic selection of the appro-
priate input voltage range, no matter what the setting of the
manual range voltage selector.

Not all manutacturers provide specifications as exactly de-
fined as in the preceding discussion.
Nevertheless, the purchaser should
study the manufacturer’s data and ke
certain the specifications are understood.
It any item is not clear or is omitted,
the manutacturer should he queried for
the required information.

D.V.M. Types

Terms that described d.v.m. circuitry,
like vainp, integrating, and dual slope,
can be puzzling to the reader. Jolin D.
Lenk, in his article “Digital Voltmeters”
in this issue, provides an explanation
of the operation of various tvpes of
d.v.n’s. Therefore, in this section onlv
the operation of the d.v.n. types listed
in Table | will be reviewed and the ad-
vantages and disadvantages of each tvpe
considered.

Perhaps the simplest and least ex-
pensive d.v.m. uses the ramp principle.
In the voltage-to-time conversion ramp
meter the length of time required for an
internally generated linear ramp vol-
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tage, beginning from a known level, to
become equal to the unknown voltage
is measured. The internal oscillator fre-
quency and ramp slope are adjusted to
give a digital reading numerically equal
to the unknown voltage. Accuracy is
limited by the linearitv of the ramp
waveform and comparator cireuits; ac-
curacies of =0.1% are tvpical.

A version of the ramp d.v.m. uses a
staircase waveform for comparison. An
oscillator is turned on at the beginning
of the measuring cycle and generates a
staircase waveform as well as counts.
When the staircase reaches a value
equal to the unknown, the oscillator
turns ofl and the wecumulated count is
transferred to the display. Because the
oscillator generates the staircase and
counts, its stabilitv does not affect the
accuracy of the instrument. Both types
of ramp generators are susceptible to
input noise that may result in false trig-
gering. A filter can be used to reject
noise; however, the sampling rate of
the d.v.m. is reduced.

The integrating d.v.m. rejects super-
imposed noise without un input filter.
The meter measures the true average of
the input voltage over a fixed encoding
time and noise is thereby averaged out.
I most units the unknown voltage is first
converted to frequency by a voltage-to-

fixed interval of time. In addition to

noise rejection, the integrated d.v.m. is characterized by
high accuracy, fast response time, and excellent resolution.
Because of voltage-to-frequency conversion, problems with
temperature, drift, and linearity can arise.

The dual-slope d.v.m. makes a two-step measurement
that combines integration in the first step with automatic
comparison of its internal standard in the second. The dual-
slope technique rejects noise because of integration and
achieves stubility from comparison with its standurd. The
same intecrator is used during both halves of the measure-
ment cycle; therelore, the usual problems of integrators are
minimized. It is only necessary for the integrator to retain
the same characteristics for both halves of the measurement
cycle. The dual-slope method does not lend itself to high-
speed operation.

Making the Seleetion

There are a number of instruments available in the price
range trom 300 to 600 dollars (see Table 1). These instru-
ments share many features: all-solid-state circuitry; mini-
mum accuracy of =0.1%, =1 digit; the displav is easy to
read; overload protection; and fine workmunship and stvl-

Not shown on the cover is this Electrolab Model 100.
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Several of the instruments use plug-ins
in order to increase
Here are the plug-ins for the Hickok Mod-

trequency converter and counted over a el DMS-3200 digital measuring system.

ing. Their differences lie in such mat-
ters as overrange; calibration method;
storage hold capability; and available
accessories. The writer had a chance
to check out many of the instruments
listed in Table 1 and all performed to
specifications.

With the exception of the Hewlett-
Packard and Fuairchild instruments, the
units in Table 1 have front-panel cali-
bration controls. In the Fairchild meter.
automatic comparison of the unknown
voltage to an internal relerence is made
during ecach measurement. Hewlett-
Packard uses a zener diode with u well-
defined drift characteristic tha: permits
a guarantced meter accuracy for a 90-
day calibration cvcle. At the end of this
period the instrument may have to be
calibrated, requiring a differential vel-
meter and a d.c. standard. Although a
front-panel calibration control is con-
venient, there is the tendency for the
user to check the calibration continu-
ously and waste time.

Storage hold permits the retention of
a voltage reading on the display after
the voltage has been removed from the
instrument input terminals. This feature
also eliminates possible blinking in the
least significant digit. Storage hold is
the limiting position of the front-panel
variuble display time control of some
instruments. Variable display enables
the user to adjust the rate the indica-
tors read voltage changes.

The Digitec (United Systems) Model 252 d.v.m. comes
with a carrving hundle that also serves as a tilting stand.
Using the ramp principle, four ranges (2 to 1000 volts)
with a constant input impedance of 10 megohms are avail-
able. Resolution is I mV on the 2-volt range and full-scale
accuracy is +0.05%, =1 digit. The unit features automatic
polarity indication and selection, variable display time and
storage hold, and BCD ouniput. The voltage ranges ure
chosen by a push-bar switcl; il the impressed voltage is
greater than the overrange, the display is extinguished.

Electrolab’s Model 100 d.v.an. is the only it listed in
Table 1 that has autoranging as an optional leature and a
guarded circuit. Equipped with a handle that is also a stand,
this instrument is an integrating-tvpe meter. Four ranges
from 1 to 1000 volts at a constant input impedance of 10
megohims can be selected. Resolution is I mV on the Jowest
scale; full-scale accuracy is quoted at =0.1%, =1 digit.
Polarity selection and indicution are fullv autoinatic; over-
load is indicated by the flashing of the polarity symbol.

Electronic Associates Inc. (EAT), a manutacturer in the
analog computer field, has made its debut in the low-priced
meter field with its Series 6200 integrating-type d.v.m. The
instrument has five voltage ranges from 100 mV to 1000 volts
al 10-megohm constant input impedance. Full-scale accu-
racy is +0.1%, =1 digit; resolution is 0.1 mV. Available
modules are a digital counter (measures {requency up to
10 M1z and time intervals of 1 us) and an a.c. module (four
scales, 1 to 300 volts ram.s., =0.2%, == 1 digit accuracy from 20
to 20,000 Hz and =0.3%, =1 digit from 10,000 to 100,000
Hz). Because the unit holds anv two modules at a time, the
Series 6200 d.v.m. is the largest of the instruments listed in
Table 1. Variable display time and storage hold, automatic
polarity selection and indication, and an overload indicator
light are other features found in the IZAT unit.

Fairchild's Model 7050 digital multimeter permits d.c.
voltage and resistance measurements. Optional  low-cost
shunts extend the instrument’s capability to d.c. current mea-

their capabilities.
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surements. Using the dual-slope technique, four ranges from
1.5 to 1000 volts with 1-mV resolution can be selected; full-
scale accuracy is *0.1%, =1 digit. The input impedance
is greater than 1000 megohms on the 1.3-volt range and is
10 megohms on the other ranges. Resistance measurements
can be made Dy selecting one of the five full-scale ranges
from 1500 ohms (1-olim resolution) to 15 megohms. On the
Kilohm ranges the accuracy is =0.2%, +1 digit; the ac-
curacy for megohms is =1%, =1 digit. Using current
shunts, full-scale readings of 150 pA to 1.5 A are possible;
tolerance for the 1.5-A shunt is =0.3%, the others =0.1%.
Storage hold is provided by u separate pair of terminals on
the panel.

Using the staircase ramp method, Hewlett-Packard’s \Nod-
el 3430A d.v.m. offers full-scale uccuracy of +0.1%, =1
digit on all five ranges from 100 mV to 1000 volts at 10-
megohim mput impedance. Resolution on the lowest scale
is 0.1 mV. Polarity indication is automatic and overload is
indicated by a blinking displav. A precision 0.1% d.c. out-
put amplifier at the rear panel can be used while making
measurements or drive a d.c. recorder. An annunciator in-
dicates if volts, millivolts, or ratios are being measured. Dis-
play time is fixed and no storage hold is provided. A voltage
ratio option is available that permits the measurement of
ratios of an unknown to a reference voltage from 0.0001:1 to
1000:1. The front panel is strikingly simple, having two con-
trols—an “on-oft” switch and range selector.

The digital instrument with the greatest number of avail-
able plug-in modules is Hickok’s Model DMS-3200 digital
measuring svstem. With appropriate modules, d.c. voltage,
resistance, capacity, and frequency can be measured. It is
expected that plug-ins for a.c. voltage and current will soon
become available. The basic 3200 frame used with the in-
tegrating-type DP-100 plug-in becomes a digital voltimeter,
Five scales from 0.1 volt (0.1-mV resolution) to 1000 volts
at 10-megohm input impedance and *=1%, =1 digit full-
scale accuracy are available on a 3-digit display. Overload
indication, variable display time and storage hold, automatic
polarity indication, and wrong polarity indication are pro-
vided.

Using the DP-170 plug-in, resistinice measurements from
10 ohms (0.05-0lim resolution) to 1000 megohms in nine
ranges can be made. A Wheatstone bridge with internal au-
tomatic nulling is used; accuracy is +0.2% of reading und
+1% above 10 megohms. Capacity measurenients with the
DP-200 module can be made in eight ranges from 1000 pF
to 10,000 uF. A bridge compares the stored charge of the
unknown capacitor with that of a precision internal standard
capacitor. Accuracies are =0.1% full scale =2 pF; for the
highest range, accuracy is =0.5% of reading.

The DP-150 plug-in provides numerical display of fre-
quencies from 10 Hz to 1 MHz in five ranges; accuracy is
*=0.005%, =1 digit. Used singly in the main frame, the
DP-140 plng-in permits straight counting of incoming pulses
up to 1 MHz; operating as a slave, the DP-140 cun be driven
trom the main frame and a DP-130 frequency counter is
made to provide full 6-digit display.

Janus has brought out an integrating-tvpe 5-digit d.v.m.
(Model 404) with =0.05% full-scale accuracy. Four volt-
age ranges from 1 to 1000 volts at an input impedance of 10
megohms with full-scale resolution of 0.01% and a 10-pA
current range can be selected. The 10-uA range permits ci-
rect reading in engineering units, of temperature in degrees,
pressure in psi, ete., ol transducer outputs. Other features
include variable display time, storage hold, and BCD output.
Tanus plans to add resistance, a.c. voltage, and other mod-
ules.

Simpson has recently unveiled its Model 2700 ramp-tvpe
d.v.m. which supersedes its Model 111 meter. Using 90%
integrated circuits, the 4-digit instrument has =0.03%, =1
digit tull-scale accuracy on all four ranges (1 to 1000 volts)
at an input impedance in excess of 10 megohms; resolution
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Fig. 2. Method of panel-mounting the Weston digital panel meter.

on the lowest scale is 0.1 m.V. Automatic polarity and over-
range indication, variable display time, und storage hold are
supplied. As an option, BCD output at T=L logic levels is
available. Simpson plans to make available plug-in modules
for a.c. veltage and resistunce measurements sometime early
in 1968.

Aimed at the OEM muarket, Weston is ollering a digital
panel meter (Model 1270) that nses more than 50% inte-
grated circuitry (Fig. 2). Standard d.c. ranges available are
from 0.1 to 1000 volts and from 10 1A to 100 mA with an
accuracy of *=1%, =1 digit; resolution is 1 part in 1000,
Input impedance on the 0.1- and 10-volt ranges is 10,000
ohms; on the other ranges it is 1 megohm. Dual-slope inte-
gration is used in this general-purpose 3-digit readout in-
strument. Other features include automatic indication for
over or under range, slope adjustment for direct reading in
engineering units, and BCD output.

Summary

The trend will be toward digitul-teadout instruments;
their superior accuracy und simplicity of use surpass that
of unalog meters. With the increased use of integrated
circuits and their declining cost and automatic manufac-
turing techniques, the cost of digital-readont instruments
may become somewhat more comparable to analog meters
in the not-too-distant future. A

Table 2. Listing of manufaciurers’ addresses for further details.

Electrolab inc.
18271 Parthenia St.
Northridge, Calif. 91324

The Hickok Electricat Instr. Co.
10514 Dupont Ave.
Cleveland, Ohio 44108

Janus Control Div.
296 Newton St.
Waltham, Mass. $2154

Eiectronic Associates, inc.
Instrument Div.
Long Branch, N.J. 07764

Simpson Electric Co.
5200 W. Kinzie St.
Chicago, 111. 60644

Fairchitd instrumentation
475 Ellis Street
Mountain View, Calif. 94040

Hewlett-Packard
Loveland Div.

P. 0. Box 301
Loveland, Colo. 80537

United Systems Corp. (Digitec)
918 Woodley Rd.
Dayton, Ohio 45403

Weston instruments, Inc.
Weston-Newark Div.

614 Frelinghuysen Ave.
Newark, N.J. 07114
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RECENT
EVELOPMENTS
ELECTRONICS

Long-Life Gas Laser. (Top left) Looking like a double-barrelled
ray gun, this is the first long-life gas laser to become com-
mercially available for producing intense beams of ultraviolet
light continuously. The device is water-cooled, d.c.-excited,
and uses neon gas to produce an output of up to 10 milli-
watts of UV power concentrated in a 1-mm diameter in-
visible beam. Up to 1000 hours of continuous operation are
produced by the new RCA laser. It is expected to find im-
portant uses in the biomedical field, industrial and chemical
processing, drug and pharmaceutical manufacture, and in the
photographic and copying industries. Heart of the laser is
a sealed quartz tube (at right in photograph), filled with
the neon gas, from which the intense UV beam is emitted.

Helicopter Installs Communications Antenna. (Top right)
Acting as an airborne crane, an S-58 helicopter solved a
three-day lifting problem in approximately five minutes.
The helicopter, owned by Keystone Helicopter Corp., was
used to lift a 62-foot, 1-ton communications antenna and
mast to the roof of a 20-story telephone company building
in Newark, N.J. The antenna was lifted from a truck in
an adjacent parking lot. The communications mast will be
part of a unique telephone network that will provide tele-
phone communication for the new high-speed, 150 mi/h
trains which will be operating between New York and Wash-
ington, D.C. With this system, passengers will be able to
push-button dial and make phone calls to any part of the U.S.

Laser Measures Airport “Ceilings.” (Left) Completely auto-
matic laser equipment for measuring the height of the ‘‘ceil-
ing'’ at airports or other locations is being delivered by the
Swedish firm ASEA to that nation's Board of Aviation. The
equipment not only measures the distance from the ground
to the cloud-base but also provides information about the
thickness and structure of the clouds. The laser sends an
ultra-short (25 ns) light pulse straight up and measures the
elapsed time for the receipt of the echo from the cloud layers.
Cloud ceilings of 5 miles or more can be measured. The
mean height of the layers is registered every minute. Along
with a recorder, a scope indicator shows received echo pulses.
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Scale-Model Radar Antenna Tests. (Top left) A one-seventh
scale model of Boeing's design for the U.S. Air Force’s Airborne
Warning and Control System is shown here undergoing tests
on the company’s new 5000-foot antenna range at Kent,
Wash. On the tower, the aircraft, a model of a long-range
707-320 Intercontinental, is moved through various attitudes
while its extensive antenna array receives signal from a
transmitter nearly a mile away. The model is rotated about
its yaw and pitch axes and its yaw and roll axes. Precise
measurements are made of the guality of antenna reception.

Blast-Proof Antenna. (Top right) This single-eyed structure,
high on the steep slopes of Cheyenne Mountain near Colo-
rado Springs, looks out over eastern Colorado plains. It is a
blast-resistant radio antenna and the messages it picks up
are channeled to the North American Air Defense Command’s
Combat Operations Center several hundred feet below and
inside the mountain. There are two microwave antennas
and they are part of the center's communications link with
outside world. Building of the two structures used 12,000 hun-
dred-pound bags of concrete and 60 tons of reinforced steel.

TV-Aided Fire-Control Radar. (Center) Technician is shown
here checking the television camera during tests on one of
the SPG-55B fire-control shipboard radars now being refur-
bished. The radars are being improved by installation of new
computers. The fire-control radar, being updated by Sperry
Rand, is a part of the Terrier surface-to-air missile system in-
stalled aboard two of the Navy’'s guided-missile frigates. The
TV camera shows the radar operator the target being tracked.

Giant Van de Graaff Accelerators. (Below right) This is the
first of two Van de Graaff accelerators that will make up High
Voltage Corporation’s nuclear physics research facility at
Burlington, Mass. The machine is 81 feet long, 18 feet in
diameter, and weighs 180 tons. A second, more powerful
accelerator will be mated to this unit by 1970. The two
machines, working in tandem, will then allow physicists to
create elements that are far heavier than those occurring
in nature. The experiments could lead to uranium fusion
and firmly establish U.S. prominence in transuranium research.
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low-cost

Capacitive-
|scharge

By BILLY F. CAWLFIELD

Circuit details and performance of a simple.

non-critical  capacitive-discharge

svstem that will cut ignition-system maintenance and give the old car new pep.

r—§ YHE capacitive-discharge svstem seems to be well-
established us o1 most satisfactorv electronic ignition
svstem. The CD tvpe provides engine performance

equal to or better than other svstems and, in addition, re-

quires less input current than a transistor switching system.

One great advantage is that it uses the conventional coil and

distributor so there is no need to buyv a new, expensive igni-

tion coil, Also, since all the components of a conventional
ignition svstem are still installed in the car, a “back-up”
svstem is available simply by reconnecting the coil and dis-
tributor in the conventional circuit. With a changeover plug,
switching from capucitive discharge to standurd ignition is
as quick as ruising the hood und closing it. \Vith a change-
over swilch, you can go all the wuyv and mount the switch
mside the car where it can be reached while driving.

The electronic system should outlast several cars as it
contains no tubes or electrolytic capacitors, and nothing to
wear out, burn out, or ruvel at the seams.

Basic Cireuit Arrangeinent

The basic circuit of the system described here is not new
nor novel, so ils muin claim to fume is its low cost and the
use of common, readily available parts. Many of the parts
will be found in the junk box and, even if all the parts are
purchased new, the total cost will not be much more than
aboul $20 at mail-order prices. A big suving is eftected by
using a filament transformer in the d.c.-to-a.c. inverter cir-
cuit. This transformer is not as efficient as the special types
designed for this application, but it performs satistactorily
and the cost is much lower. This system will draw slightly
more primary current than a svstem using a specially de-

Fig. 1. Circuit arrangement of conventional ignition system.

START @———

l *—wwwa—!
” RUN

IGNITION SWITCH

—3 HIGH VOLTAGE

30

IGNITION
COoIL

DISTRIBUTOR

signed transformer, but this extra load is an insignificant
portion of the total load on the automobile electrical svstem
and the maximum current is still much lower than u tran-
sistor switching svstem.

With the ignition on and the engine not running, the
primary cirrent at 12 volts input is about 1.4 ainperes, ris-
ing to about 3.6 amperes at 4500 r/min for an 8-cylinder
engine. The exact current drawn will vary from one car to
another, depending on the value of the bhallast resistor,
which is part of the original ignition system.

In the conventional ignition system, Fig. 1, the primary
current flowing through the ignition coil and the distributor
points stores energy in the inductance of the coil. When the
points open, this stored energy is released into an oscillatory
circuit formed by the coil inductance and the distributor
capacitor. The peak voltage in this circuit rises to about 200
0 250 volts and, multiplied by the turns ratio of the ignition
coil (actually it is a transformer), produces about 15 to 20
kilovolts to fire the spark plugs.

This system is delightfully simple and this simplicity is
the main reason for its continued use for so many vewrs.
However, there are certain weaknesses as well. At high
speeds there is not sullicient time between firings to store
maximum energy in the inductance, so the high voltage
begins to fall off as the speed is increased. Also there is a
nice fat arc generated each time the points open so the con-
tact swfaces are burned away and eventually must he re-
placed. Even a little burning of the contacts reduces the
over-all efficiency of the ignition system and really top per-
formance can be realized for only a short time after «
tune-up.

The switching-transistor svstem operates on the same
principle, with a transistor switching the primary current
and the distributor contacts handling only the base current
of the transistor. The distributor contacts are relieved of al-
most all load so the arcing problem is solved, but the tran-
sistor is subjected to the high voltage developed by the coil
primary. So to reduce this voltage to a tolerable level, a new
low-inductance coil is used, which causes the primary cur-
rent to be greatly increased, which in turn creates other

ELECTRONICS WORLD
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problems. In some cars the ignition switch cannot handle
this heavier current so a bypass relay must be installed and,
if the ignition is lelt on with the engine not running, the
high-priced low-inductance coil may be scorched (unless
some fancy protective circuitry is provided).

In the capacitive-discharge system, Fig. 2 energy s
stored in a capacitor which is then discharged into the igni-
tion coil through an SCR, now called a thyristor. The energy-
storage capacitor and the coil form an oscillatory circuit in
which the peak voltage is the voltage to which the capacitor
was Injtially charged. Using the coil which is part of the
conventional ignition system, a significant increase in spark-
plug voltage can be realized if the capacitor is charged to
about 350 to 400 volts. This voltage can be easily generated
with a solid-state d.c.-to-d.c. converter., The thyristor is
triggered by the distributor points which carey only about
Ya ampere at 12 volts.

Circuit Design & Operation

A complete schematic diagram and parts list are shown
in Iig. 3. The two transistors, Q1 and Q2, and the trans-
former T1 comprise a d.c.-to-a.c. inverter, with a square-
wave output of about 400 volts peak. This square wave is
rectificd by the bridge rectifier, D1, D2, D3, and D4, and
charges capacitor C2 to about 400 volts d.c. The charge on
C2 is the stored energy which is nsed to excite the ignition
coil and fire the spark plugs. \When C2 is charged to 400
volts, the cnergy stored is about 80 millijoules, which is
more than twice the amount generally considered to he re-
quired for automaotive ignition.

When the distributor points open, the thyristor, SCR1, is
fired and becomes virtually a short circuit so C2 and the
ignition coil are conmected together. This oscillatory circuit
is excited by the energy stored in C2 and the secondary of
the ignition coil produces about 30 kilovolts. The thyristor
also shorts the output of the power supply and stops the in-
verter. When the current in the oscillatory circuit reverses,
the thyristor, SCR1, turns off und the diode bridge provides
a path for this reverse current, which recharges C2 to about
200 volts. At this time the inverter restarts and continues
charging C2 up to 400 volts, ready for the net firing.

Now let’s take a closer look at the thyristor gate circuit.
We need a short trigger pulse so it will be ended well before
posilive voltage is aguin upplied to the anode of the thyris-
tor. And we need some way to prevent point hounce from
fulsely triggering the thyristor. In Fig. 3, when the poinls
are closed, about Ya ampere flows throngh RS aud the
points. This current is sufficient to keep the points clean but
not burn them. The 30-ohm resistor also provides a rela-
tively low impedunce source for driving the thyristor gate.

When the points open, the voltage at the junction of R7
and RS rises ubruptly to - 12 volts, diode D5 is forward-
biased, and a trigger pulse is passed through capacitor C3 1o
the gate of the thyristor. Capucitor C3 is churged quickly
through RS und the parallel combination of R5 and the
thyristor gate so the trigger pulse is verv short. \When the
points close, diode D3 becomes reverse-hiased and capaci-
tor C3 discharges slowly through R7, a 3900-ohm resistor.
Any point bounce occurs while C3 is still almost fullv
charged so these false pulses are not passed on to the
thyristor.

Construction & Installation

Construction and installation of this system are not at all
eritical. Only one restriction needs to be mentioned: try to
avoid mounting any puarts near the exhaust manifold. Al-
most any other location under the hood will be satistactory.
The system has been tested in an environmental chaniber
to 160° I, which is representative of the maximum tem-
peratures encountered under the hood.

The transistors regnire o heat sink and the maximum
temperature 0 be expected will determine the size of this
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Fig. 2. Simplified diagram of capacitive-discharge system.
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nol 91-MPFa8)

P1. P2—4-pin mule connector (Amphe-
nol 91-MPM4S)

T1-6.3 V filament trans. @ 6 A, c.t.
(Stancor P6456)

D1, D2, D3, D4-750 mA, 600 p.i.y.
stlicon diode (TT1N2071 or 1N4385)

Ds5—1 A, 50 p.i.v. silicon diode (T1
I1N4364 or 1N4001)

SCR1-5A, 400 V thyristor (T1 40A4)

Q1, Q2—7A, 45 V cconomy germa-
mum power transistor (T1 3027)

R1, R3-39 ohm, 2 W res. 22107,
R2, R4—250 obm, 5 W res. (IRC
P\WV-5)
R5—100 ohm, V2 W res. =10%,
R6—470,000 ohm, V5 W res. =109,
R7-3900 ohim. V2 W res. =106
R8—50 ohm, 5 W res. (IRC P\W'-5)
C1—-0.01 pF. 600 V cuapucitor
C2—1.0 xF, 600 V capacitor
C3—-0.25 xF, 25 V capacitor
Fi—6Y% A 3AG fuse (“'slow blow’’)
J1—d-pin female connector (Amphe-

Fig. 3. Complete schematic and parts list for CD system. Parts
above J1, P1 are those of the car's existing ignition system,

heat sink. If there is sufficient room in front of the radiator,
the svstem can be mounted there where the cool air avail-
able will require onlv a %1 aluminum flat plate of about
6 X 6 inches for the transistor heat sink. If space in front of
the radiator is limited, the transistors can be mounted there
on a fat plate and the remainder of the components mount-
ed in the engine compartment. If it is absolutely necessary
to mount the transistors in the engine compartment (or if
vou just want to), be sure to use a heavy fumed heat sink of
ample capacity, such as the Thermalloy 6123B. Whatever
construction und mounting vou use, it will he hest to mount
the transistor heat sink separately from the rest of the com-
ponents so as not to pick up heat from the transformer and
resistors.

As mentioned earlier, the transformer used lhere is not the
most efficient type for this application and the excess power
consumed shows up as heat in the core. After the ignition
has been operating for a while, vou will notice that the core
is warmer than the winding. This type of core is not the
best for saturating service in a d.c.-to-d.c. converter, but it
is economical and that’s a “plus.”
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Fig. 4. Wiring for the changeover-to-standard-system plug.

Be sure to insulate the transistors and thyristor with the
insulating hardware supplied with these devices. And it
you have some silicone grease handy, smear a thin coat of it
on hoth sides of the insulating washers. If you use a home-
made transistor heat sink of plain aluminum, you can in-
crease its heat radiation by spraving a thin coat of flat black
paint on both sides. And a little extra spray around the
transistor terminals will provide all the waterproofing neces-
sary. Moisture on the trunsistor heat sink really is no prob-
lem bhecause onlv low-voltage, low-impedance circuits are
exposed.

All the other components can be mounted in whatever
box or chassis is handy. The author’s first unit was built in a
47 X 57 x 67 utility box, which proved to be considerably
larger than necessarv. The second unit was built in a 3”7 X
4”7 % 67 aluminum chassis and that is still quite roomv.
Whether you use a printed-circuit board or point-to-point
wiring, take time to mount all parts securely and to muke
good solder joints, because in an automobile there is plenty
of vibration.

The thyristor stud will have about 400 volts on it so if
vou mount it through the side of the box or chassis with the
stud exposed, insulite it in some way, such as with a plastic
cap or a rubber grommet. That 400 volts could be danger-
ous, or at leust if you bump into it yvou may muke a dent in
the fender with your elbow.

The parts specified in the parts list are intended only as
a guide and any other munulacturer’s parts of equal or high-
er rating will do just us well. Parts placement in the unit is
not critical. Don’t try to skimp by leaving the fuse and fuse
holder out. Most cars have no fuse or other protection in the
ignition circuit, so if a transistor should develop a short,
something would he damaged.

After you have vour box or chassis stuffed with ull the
components, make up a 4-wire cable, as shown in Fig. 4,
long enough to reach from the ignition coil to the location
you have selected for the electronic unit. Attach ring-type
terminals to the wires at the coil end or form the bare end of
each wire into a loop and tin with solder. Disconnect the
existing wires from the coil, then connect the new cable to
the coil and to the wires which vou just removed from the
coil. Use machiue screws, flat washers, und nuts to connect
the new cable to the old wires, then cover with electrical
tape. If there is a noise-suppressor capacitor connected to
the coil, connect it with the battery wire to the wire in the
new cable going to pin | of J1L.

The plug, P2, is wired with short jumpers to reconnect
the wiring in the conventional ignition system and should be
mounted on the car near the new electronic unit. A similar
plug, P1, connects to the electronic unit and can be mounted
directly on the unit or on the end of a short cable. If vou
prefer a 4-pole, double-throw switch instead of the change-
over plug, it is a good idea to still use a plug and socket for
connecting the electronic unit so it can be easily removed for
testing. Make a vood ground connection to the unit; if you
mount it with self-tapping sheet metal screws that will
take care of it.
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The wiring shown in Fig. 4 results in high-voltage polar-
ity the same as the original. If vou wunt to check the polar-
ity, disconnect the wire from one spark plug and place the
wire tenminal about ¥%2” from the engine or chassis. With the
engine running, hold the point of a wooden pencil in the
path of the spark and note that on one side of the pencil
point the spark has a more orange, flaring appearance. If
the orange flare is between the pencil and the engine, the
polarity is negative, which supposedly is correct. However,
in the author’s cars changing polarity makes no noticeable
difference in performance. But watch out for that pencil;
the high voltage tends to run up the pencil lead and grab
you. It would be a better idea to hold it with a wooden
clothespin or insulated pliers.

Performance

Ready to trv it out? All connections checked and secure?
Now turn on the ignition switch and listen for a singing
sound in the electronic unit. That's the inverter making
beautiful music. So hit the starter and vou’re in business.
Now that vou have satisfied vourself that it really works, go
over the whole ignition system and prepare to forget it for
along time.

Clean up the points with a stone or point file and set them
to the auto maker’s specifications. The point gap for the ca-
pacitive discharge svstem is not critical, just so thev open.
and dwell reallv has no meaning now but just in case vou
want to go back to standard ignition for some reason, the
points will be ready. Set the timing to the manufacturer’s
specification, running on standard ignition. Check the plugs
and clean them or replace them il thev ure veallv fouled.
Some “authorities” say to open up the plug gaps to 0.050”
to 0.065”, others say to set them to the nsual 0.03”. Both
extremes were tried in the author’s cars and both seemed to
perform the same.

Now switch to the electronic ignition. With a timing
light the timing will probably check the same, but the tim-
ing mark will appear much sharper and clearer because the
high-voltage pulse is shorter und there is no jitter. The ca-
pacitive-dischurge svstem fires slightlv earlier because the
voltage rises to a higher peak value and thus reaches the fir-
ing voltage of the plug sooner. This advance amounts to less
than one degree of crankshaft rotation at idling speeds so it
will not be noticeable with a timing light. At higher speeds
this fixed time advance can amount to several degrees and,
in some cars, may result in a little too much “knock” or
“ping.” 1f vou don't like what you hear, just retard the dis-
tributor timing slightly.

The author’s first unit has been rumning tor over 17,000
miles with no malfunctions of any kind. The points appear
clean and smooth as at the beginning and the gap has not
changed any measurable amount. The rubbing block is
nylon, as it is in most point sets now, so a sel of points could
be expected to last the life of the car. One or two gap adjust-
ments during this life might be necessary, but point replace-
ment appears to be a thing of the past. Spark plugs appear
to last longer and certainly can be used longer since the
higher voltage will fire plugs that would be completely un-
usable in a standard ignition system.

The top speed of this system is about 300 pulses per sec-
ond, since it takes about 2 milliseconds to recharge the stor-
age capacitor. That speed will get you 7500 r/min with an
8-cvlinder engine and 10,000 v/min with a six. I that isn’t
fast enough, vou’ll have to get one of the special inverter
transformers so that the inverter can run at a higher
frequency.

The next logical evolutionary step is to repluce the distrib-
utor points with a magnetic pulse generator and then there
would be no maintenance except replacing plugs every
50,000 miles or so. But the magnetic pulse generator would
require a major mechanical change in the distributor, so
for now we'll have to settle for “haltwav to heaven.” A
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Aligning
FM-STEREOQO
Receivers
Without
a Generator

By HUGH L. MOORE

District Coordinator of Electronic Education
Los Angeles City Schools

Well-balanced stereo scope pattern after a thorough alignment.

This method is fast, accurate, easy to learn, and requires
only the use of an oscilloscope and received FM signals.

E are all accustomed to judging stereo performance
by ear, but viewing stereo on an oscilloscope can
give us a great deal more information about the

multiplex signal. If we connect the left (L) and right (R)
signals to the Y (vertical) and X (horizontal) axes on the os-
cilloscope, we can examine balance, phase, and separation.

With a little practice, we can identify the multiplex sub-
carrier and align and check the multiplex carrier amplifier.
By aligning with the very accurate signals transmitted by an
FM-stereo station, with its highly controlled level of modula-
tion, we avoid the whole problem of an incorrectly cali-
brated multiplex signal generator. This technique has a num-
ber of important advantages.

Stereo is basically w system where two separated micro-
phones are used to record or broudcast a program. Stereo
music constantly reflects the difference in position of the two
microphones. There is 2 volume and a phase difference be-
tween the two signals. Orchestral recordings have certain
instruments audible on one channel and not the other. Some
instruments will record on both channels equally, if they

Fig. 1 Mono music makes Fig. 2. Stereo forms a
single 45-degree line. more circular  pattern.

are equidistant from both microphones. Still other instru-
ments, at various locations throughout the orchestra, will be
recorded on both channels, but with phase and volume dif-
ferences. The extent of the ability of a stereo svstem to ve-
produce sound on one channel and not on the other is
referred to as the sterco “separation.”

“Watching™ Stereo Sound
=

The following test setup will allow you to measure how
well vour stereo system is responding to a given recording.
Adjust the scope so that both vertical and horizontal ampli-
fiers are in a.c. position. Connect the left channel of your
pickup or left preamp output to the vertical input and
jumper the vertical and lorizontal inputs together. Set the
horizontal gain to maximum. Play a recording. Adjust the
vertical gain until the line on the scope appears to he at a
45-degree angle. Remove the jumper between the two in-
put connections. Connect the right chanmel of vour picknp
or preamp to the horizontal input. If you then plav a mono
record, the pattern on the scope should still be a 45-degree

Fig. 3. L-channel pre-
dominates in this trace.

Fig. 4. Mainly R-chan-
nel signal produces this.
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line (Fig. 1). If the two outputs are unequal, the line will
shift from the 45-degree angle. A slight adjustment in the
balance control of your preamp will compensate for most
minor imbalances.

When u stereo record is played, other patterns will appear
on the scope screen. If the passage is of equal volume in
both channels, the pattern will appear as in Fig. 2. Notice
that the pattern is symmetrical around a center. If the record
and the system have good separation and mainly the left chan-
nel is active, the pattern will look like Fig. 3—more height
than width. Good separation with sound mainly in the right
channel will make a pattern like Fig. 4—more width than
height. These basic patterns can be used to align multi-
plex units and troubleshoot stereo equipment.

For example, suppose the complaint against a stereo unit
is that left-right separation is poor. A signal in both channels
produces an echo effect, but little or no sound distinctly
from either speaker. Start by connecing the vertical input
of the scope at the input of the left channel and the hori-
zontal to the input of the right. One of the patterns showing
phase difference will appear. Move the scope input connec-
tions on through subsequent stages until the point is found
where stereo appears as mono on the scope (Fig. 1). This
is where the two signals are combining into a common sig-
nal. The trouble could be caused by an open bypass capaci-
tor which is common to both channels, or even a circuit
board that is leaking between the two channels.

FM-Stereo Multiplex Alignment

When FM stations broadcust stereo multiplex, the left and
right audio channels (L-+R) are combined and modulated
directly. A suppressed-carrier sideband signal is also modu-
lated on the station signal; the sidebands contain a subtrac-
tive combination of the audio channels, called L—R. A 38-
kHz carrier must be added at the receiver to reconstruct the
L—R information. A 19-kHz pilot or control signal is trans-
mitted by the FM station. The multiplex receiver doubles
the pilot frequency to construct the 38-kHz carrier signal.

When the recovered L—R is properly combined with
the LR, the separate left- and right-channel sounds will be
reconstructed. The correct amount and phase of each L—R
and L-+R signal is applied to a matrix which adds in-
phase and cancels out-of-phase audio components. The re-
sult is that the R signal is canceled in the left channel and
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the L signal canceled in the right. Reconstructed L and R
signals are now available for the stereo audio amplifiers that
are used.

The multiplex signal can be used to align the coils und
controls of a multiplex receiver (Figs. 5 and 6). Since all
stations do not broadcast stereo constantly, a check with your
oscilloscope will tell you when you are receiving multiplex.
The scope is adjusted for a low-frequency sweep and the
vertical amplifier connected to the output of the ratio detec-
tor (points A on both schematics). When a station is tuned
in which is not broudcasting multiplex, the audio will appear
as a clean single line (Fig. 7). A multiplex broudcast will
give a ribbon-like appearance to the line (Fig. 8), due to the
19-kHz and suppressed-carrier signals. (The 67-kHz signal
for background music or SCA will also give this pattern.
You can identify these signals by trial-aligning the 67-kHz
trap.) Perform the alighment on a station without SCA.

In reccivers, two types of multiplex carrier generators
are used. The older type uses a 19-kHz oscillator; its output
is synchronized with the station’s pilot signal and then
doubled to 38 kHz. This type produces a visible heterodyne
beat when it is adjusted off frequency. The newer tvpe mere-
ly amplifies the 19-kHz signal sent out by the FM station
and doubles it.

The first step is to align the 19-kHz and 38-kHz coils.
The results of alignment are observed with the scope ad-
justed for a 9.5-kHz sweep. The vertical amplifier is con-
nected through a low-capacitance probe to the output of
the 38-kHz amplifier (points BB in Figs, 5 and 6).

Adjust all the coils, except the 67-kHz trap, for maximum
output as indicated by the pattern height on the scope. If
a low-frequency beat is noticeable, one of the 19-kHz coils
must be readjusted for zero beat.

The 67-kHz trap is the one with the smallest coil (fewest
turns) and should be adjusted for ininimum output when
the receiver is tuned to a station broadcasting SCA. This
trap prevents a heterodyne squeal that can develop between
harmonics of the 19-kHz receiver oscillator and the 67-kHz
SCA subcarrier.

At this point make sure the doubler is not tripling. The
scope is already connected to point B. Carefully adjust it to
show a stable pattern of four sine waves with a low setting
of the scope sync control. Then move the low-capacitance
probe back to the output of the 19-kHz stage (points C). If

Fig. 5. RCA multiplex circuit of type that amplifies the pilot
signal from station, then doubles it to develop 38-kHz carrier
that must be reinserted for proper recovery of L-R information.
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Fig. 6. Zenith multiplex circuit is also of the amplified
19-kHz type. The lettered test points are in corresponding
portions of the circuit for this and for previous figure.
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the stage is only doubling in frequency, there will be a stable
presentation of two sine waves at points C.

Next, the coils are adjusted to produce exactly the correct
phase of 38-kHz carrier. For this test, the scope is adjusted
for external horizontal input at maximum gain. The horizon-
tal and vertical inputs (no low-capacitance probe) are
tied together and a single a.c. signal applied to both. The
vertical gain is adjusted to produce a 45-degree line on the
scope screen. Then the vertical and horizontal inputs are
separated and the vertical input is connected to the output of
the left preamplifier, points D. The lorizontal input is con-
nected to the output of the right preamplifier, point E.

If a monophonic signal is tuned in, the R and L signal are
the same and a 45-degree line (Fig. 9) will appear on the
scope, with occasional excursions from this line, The number
of excursions away from the average signal line will depend
on the phase shift at particular frequencies in each amplifier

Fig. 7. FM sound with-
multiplex

Fig. 8. FM sound with

out signal. 19-kHz and sidebands.

November, 1967

stage and the number of stages between discriminator to the
scope connection. If the average line is not exactly 45 de-
grees, the balance control on the receiver can compensate.

When a multiplex signal is tuned in, the oscilloscope pat-
tern should appear as an expanding and contracting series of
shapes. They start with a pinpoint on the screen during no-
modulation periods, and expand to circles and ellipses that
are sometimes vertical, sometimes horizontal, and many
times working around to the 45-degree monophonic line
(Fig. 10).

For this phase adjustment, a program with a full orchestra
is desirable, which will produce a large circular pattern as
shown next to title of article. If the phase of the 19-kHz or
38-kHz coil is not correct, the circle will be flat on one side
of the 45-degree area. Adjust each coil slightly to fill out the
pattern equally on either side.

Adjustment of the coils at (Continued on page 70)

Fig. 9. Mono, some Fig. 10. Stereo, also

phase shift in amps. with some phase shift.
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FREQUENCY RATIO (1, = RESONANCE)
Fig. 1. These curves can be used to predict resonant circuit

performance from one-fifth to five times resonant frequency.

Extension of universal resonance curves permits prediction
of performance at frequencies well off the actual resonance.

HE universal resonance curves given in most circuit

theory books are rather difficult to read when deal-

ing with high-“Q” circuits or with frequencies well
off resonance. Presented here is a fumnilv of extended reso-
nance curves that accurately predict the performance of any
series RLC resonant circuit or any high-“Q” parullel-reso-
nant circuit for frequencies ranging from one-fifth to five
times the resonant frequency.

The basic curves, which are constructed for varions values
of “Q”, are shown above. Althougl no actual frequency is
indicated for horizontal scale, [, (scale center) is the
center frequency selected.

The curves may be used to predict the harmonic re-
jection of « simple “one-pole” filter, us well as to indicate
the selectivitv that a tuned circuit can provide. The curves
will also show whether a simple tuned trap will solve «
given rejection or filter probleni, or whether a more com-
plex filter structnre is culled for.

The rejection of u series RLC circuit at any frequency
is given by the formula: insertion loss 20log. {1 + jO
[{o" — 1)/ 0]} if the load resistance and ungular resonant
frequency are normalized to unity. The same relation also
Lolds true for those parallel-resonant circuits having a “Q”
that exceeds 10.

The extended resonance curves are simply a plot of this
equation for various values of frequency. insertion loss, and
“0”. and thev appear in Fig. 1. The frequency is shown
on the horizontul scale and is given in terms ot the ratio
ol the frequency in question to the resonant RLC fre-
guency. Insertion loss is plotted vertically and is given both
in decibels (on the left) and in outpul/input voltage
yatios (on the right). Various values ol “Q” appear us
curve parumeters. The “Q” specified is the louded circuit
“Q” that inclndes both the load resistance and any circuit
losses associated either with the particular inductor or ca-
pacitor being used. The bandwidth of each “Q” curve is
also given, expressed in terms of the frequency difference
between the —3 dB poiuts as a fraction of the center fre-
quency. For high-“Q” circuits, the bundwidth is very nearly
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centered about the resonant frequency of the tuned circuit.
Using the Curves

Some examples of actual use will demonstrate the value
ol these curves.

Example 1. What is the minimum “Q” required to guar-
antee a 40-dB rejection of the second harmonic of a 100-
kHz signal?> What will the filter bandwidth be?

Entering the frequency axis at 2f, and the loss axis
(left oue) at —40 dB, note that a “Q7 of approximately
6O is required. The bandwidth will equal 1/°Q7, or 0.0167,
which, when multiplied Dby the 100-kHz resonant fre-
quency, will be 1.67 kHz, half on each side of 100 kHz.
The —3 dB points will then be very close to 99.2 and
100.8 kHz. Any signals not between these two frequencies
will be rejected by at least 3 dB. To realize this particular
flier, 1% components will be required, unless a tuning pro-
vision is made.

Example 2. Whal rejection will a 2-MHz, “Q” = 20
parallel-tuned circuit give to 1.0, 2.0, 3.0, and 16.0 MHz?

1.0 MUz is 1.0/2.0 or 0.5 times the resonant frequency.
Entering the curves at 0.5f, and “Q” = 20 prodnces 29
dB rejection. Since 2.0 Mllz is the resonant frequency, the
rejection will be zero at this frequency. 3.0 MHz is a fre-
quency ratio of 3.0/2.0 or 1.5f,, for which we read an in-
sertion loss of 24 dB. or a voltage ratio of approximately
0.063.

16 MH, gives a normalized [requency of 8f, which is
bevond the range of the curves, but we can note that all
the curves are smoothly falling ut 6 dB per octave for
frequencies well above, or well below, resonance. The loss
at 8f, will be 6 dB3 more than the loss at 4f,, or 37 + 6

- 43 dB of insertion loss.

Actual values of inductance and capacitance required in
a series filter are obtained by specilying the load resistance
ard then using the formulas L = RQ/6.28f and C =
0.0253/f2L. The unloaded “Q” of the inductor that is em-
ploved must be significantly higher than the loaded circuit

“Q. A
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By JOHN D. LENK

Principles of operation, comparative performance, along with
the basic circuit arrangements that are employed in the
various types of electromechanical and all-electronic d.v.m.’s.

ODAY'S laboratory engineer and technician must

master a host of new meters. While the conventional

v.om. and v.tv.m. meet the needs of most shop
technicians and home experimenters, industrial electronic
measurements frequently require the convenience and pre-
cision offered by digital meters. Digital voltmeters, or
d.v.m.’s, read out measurements in discrete numerals rath-
er than as a pointer deflection on a continuous scale as is
commonly done in analog devices.

Digital meters have several advantages over analog me-
ters. The direct numerical readout in a d.v.m. reduces read-
ing errvor, eliminates parallax, and increases reading speed.
Automatic range-changing and polarity-changing features
reduce operator training time, measurement error, and pos-
sible instrument damage through overload or reversed po-
larity. Measurement capabilities of a.c. voltage, d.c. currents,
and resistance are available along with the basic d.c. voltage
ranges. Permanent records of measurements are available
with printers, card and tape punches, and magnetic tape
equipment. With data in digital form, it may be further
processed with no loss of accuracy.

Except for the readout method, operating limits for digi-
tal meters arc essentially the same as for analog meters of
corresponding type. The photographs accompanying this
article show a few of the many digital meters available.
(Additional meters in the under-$3600 range are shown on
our cover and discussed in our lead article.—Editor)

There are two basic types of digital meter—the electro-
mechanical and the all-clectronic. We will discuss the elec-
tromechanical type of meter first.

Electromechanical Digital Meters

Electromechanical digital meters can be broken down into
four general groups—stepping switch, relay, analog servo,
and stroboscopic types.

Stepping-Switch Type. These instruments are comparison-
tyvpe meters in which a stepping-switch-operated voltage
divider creates a feedback voltage equal to the input volt-
age. As shown in Fig. 1, the comparison-tyvpe digital volt-
meter measures by comparing the unknown voltage to a
variable known voltage (feedback voltage) and then vary-
ing the feedback voltage until it equals the unknown, that is,
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it creates discrete increments of voltage, adds and sub-
tracts them in a prescribed sequence until a feedback volt-
age equal to the input is created, then displays the mea-
surement on a digital readout which is connected to the
same electronic switches which created the feedback voltage.

Stepping-switch type meters can be divided into two
major groups by the sequence (logic) in which they de-
velop the feedback voltage. The two major logic groups are
“scan” and “tracking”.

In a scan-logic meter (also known as “successive trial”
logic), the output voltage of each decade is scanned, or
sampled, in a definite sequence and the decade’s switches
are operated once per measurement, starting with the left-
most digit and progressing to the right. Some digital meter
manufacturers designate this type of logic as “no-needless-
nines” logic when used in stepping-switch meters because
it eliminates needless cycling of the switches through their
nine and zero positions. Scan logic is also frequently used
in relay and all-electronic digital meters.

There is also another version of scan logic, known as
“double-duty no-needless-nines” logic, used in some step-
ping-switch meters. Such instruments have the ability to
display a 1-digit increase in voltage very quickly. In ordinary
scan logic, the positions of the polarity and range switches
or circuits and all left-most decade switches must be sam-

DIGITAL READOUT

3 3 3 Fig. 1. A comparison
type electromechani-
cal digital voltmeter.
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pled—but not clianged—before the right-most decade switch
position can be changed. In starting a measurement with a
double-scan logic meter, the logic first determines (without
moving stepping switches) which decade or decades must
be changed. Then, numerical changes are made starting
with the left-most decade which requires a change and
progressing to the right. Each stepping switch cycles no
more than once per reading—if a switch doesn’t have to
change, it doesn’t.

In tracking logic, the decade switches are always free to
follow any input signal change that occurs (unless the de-
cade switches are turned off ), and the readings are computed
starting with the least significant (right-most) decade and
progressing from right to left.

Relay Type. These instruments are also of the compari-
son type. However, the voltage divider that creates a feed-
back voltage equal to the input is relay operated. Relay-type
digital meters are capable of higher speed than the stepping-
switch type since the relays can be operated at a higher
speed, for example, 100 steps per second rather than 30
steps per second. Also, the relays can be operated in any

1 CALIBRATED
456
READOUT

<
\\

LY Fig. 2. Showing an
analog-servo type of
digital voltmeter.
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sequence while in a stepping switch the switching se-
quence is fixed. Some relay-operated instruments muake
three measurements per second which compares favorably
with the speed of some all-electronic instruments having
automatic ranging.

Analog-Serco Type. This comparison-type instrument cre-
ates its feedback voltage by a motor-driven variable resis-
tance (potentiometer). Its functional diagram (Fig. 2) re-
sembles that of a servo svstem used for positioning an out-
put shaft (“position servo”); that is, a balance detector com-
pares the input and feedback voltages and issues commands
which are amplified to energize the motor. The motor
drives the variable resistance in the proper direction to make
the feedbuck voltage equal to the input. When the feedback
and input voltages are equal, the balance detector output
voltage drops to zero and the motor stops. Voltage readout
is in terms of motor-shaft position and is displayed by a
calibrated drum or several numbered drums, each geared
to the adjucent drum by a mechanical transmission having
a ten-to-one drive ratio.

Stroboscopic Type. The stroboscopic-type meter generates
a ramp voltage by continuously rotating the wiper of a d.c.
reference voltage (Fig. 3). The ramp voltage is compared
continuously to the input signal and each time the two volt-
ages are equal, a lamp is flashed to illuminate a numbered
drum coupled to the shaft of the rotating potentiometer. The
numbers aligned with the small window in front of the
drum are made visible by the flashing lamp at the time of
voltage equality. Drum speed is high enough (1500 r/min,
on the average) to produce numbers which appear to be
stationary.

Electronic Digital Meters

The heart of an electronic digital meter is the circuitry
which converts analog voltage to a digital form. This is
known as analog-to-digital conversion or ADC. Most digital
voltmeters on the market today fit into one of five cate-
gories: successive approximation, continuous balance, ramp
(voltage-to-time interval), integrating, and integrating and
potentiometric.

Succeessive Approximation. This type of instrument con-
verts the input voltage into digital form by u series of ap-
proximations and decisions. The successive-approximation
meter consists of a digital storage register (digital accumu-
lator), a digital-to-analog converter, a comparison network
(error detector), a precision voltage reference, and control
circuitry. The input voltage is compared first with the

Fig. 4. Voltage-to-time conversion technique vsed in d.v.m.’s.
Clock pulses are produced only during time of the count gate.
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The Vidar 520 is an integrating digi-
tal voltmeter that also provides fre-
quency counting, period measurements,
and voltage-to-frequency conversion.
Its range for voltage measurement is
from 10 mV to 1000 V full-scale. The
accuracy is *+0.01% of full-scale,
+0.004 % of reading. Price is $3925.

Honeywell Model 620 guarded, differ-
ential-input d.v.m. measures d.c. volt-
ages up to 750 V and d.c./d.c. ratios in
the presence of high noise levels. Accu-
racy is £ 0.01 % of reading or of full-
scale. Accessory unit at left is Model
623 converter which adds a.c., resis-
tance, and low-level d.c. measurements.

The Hickok DMS-3200 is a digital mea-
suring system. It can be used to measure
a variety of electrical parameters
depending on the plug-in unit used. As
a voltmeter, it measures up to 999 volts
with a 0.1 % accuracy. Other plug-ins
convert unit to counter, ohmmeter,
capacitor meter. Main frame: $320.

Non-Linear Systems Model X-2 is a
small-size integrating d.v.m. with mul-
timeter capabilities. A.c., resistance,
and low-level d.c. measurements can be
obtained by plugging in appropriate
circuit boards. Full-scale d.c. ranges are
up to 999.9 V with a rated accuracy of
*0.01% of full-scale and *0.05%
of the reading, * 1 digit. Price: $980.

Simpson Model 111 measures from 0 to
999 volts in four ranges. Display time
is variable from 200 ms to 10 s. Ac-
curacy is 0.1 % of reading, £ 1 count.
The readout is by means of a seven-
bar numerical display that can be read
out to about 20 feet even under high
ambient lighting. Price of unit $500.

LA
WK 2 D

The Cohu Electronics 530 Series digital
voltmeter can be used to measure d.c.
voltage from 10 mV to 1 kV (actually
999.99 V) with an accuracy of 0.005 %
of reading * 1 digit and d.c./d.c. ra-
tios up to 99.999 to 1. Additional func-
tions, including d.c. current, resistance,
and a.c. voltage, can also be provided
at additional cost. The price is $1495.

Price of the system begins at $2080.

most significant bit. The actual comparisons are made suc-
cessively in binarv form. If the input voltage is less than the
most significant bit of the reference, the most significant bit
of the register is cleared and the next lower bit is switched
in for comparison. The process of switching in the next low-
er significant bit is continued until a decision is made on all
digits. At this point, the voltmeter has completed its meu-
surement.

The accuracy of this teclmique is limited by the com-
parator sensitivity, reference supply, digital-to-analog con-
verter, and the resolution of the instrument. Its advantages
are speed, accuracy, and fixed encoding time. However, the
successive-approximation method has sensitivity and noise
problems and lacks the ability to make accurate measure-
ments in the presence cf noise unless filters are used.

Continuous Balance. The continuous-balance type of me-
ter performs a digital measurement bv comparing the un-
known voltuge against a voltage derived from a stable refer-
ence supply. At the beginning of a measurement, the un-
known voltage is compared to the “lull-scale” reference. If a
null is not reached, a voltage derived from the reference is
reached by an incremental value representing a unit of the
least significant digit by aulomatically switching pre-
cision resistors. This process continues until a null is
reached. However, when the input voltage varies because
of superimposed noise, a null is never reached and the digi-
tal voltmeter hunts about the correct answer.

Ramp (Voliage-to-Time  Conversion). This  svstem s
widely used in the lower priced digital meters. The ramp
meter measures the length of time it takes for a linear
ramp of voltage to become equal to the unknown input
voltage after starting from a known level. This time period
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is measured with an electronic time-interval counter and
displaved on in-line indicating tubes. The advantages of
this type of instrument are low price and simplicity. How-
ever, it requires an input noise filter if superimposed noise
is present.

Conversion of a voltage to a time interval is shown in the
timing diagram of Fig. 4. At the start of a measurement cy-
cle, a ramp voltage is initiated. The ramp is compared con-
tinuously with the voltage being measured. At the instant
the voltages become equal. a coincidence circuit generates
a pulse which opens a gate. The ramp continues until a sec-
ond comparator circuit senses that the ramp has reached
zero volts. The comparator output pulse closes the gate.

The time duration of the gate opening and closing is pro-
portional to the input voltage. The gate allows clock pulses
to pass to totalizing circuits and the number of pulses count-
ed during the gating interval is a measure of the voltage.
Choice of ramp slope and clock rate enables the totalizing
circuit readont to register directly in millivolts (for example,
a slope of 300 volts/second and a clock rate of 300 kHz).

If the input were a negative voltage, coincidence with it
would occur after zero coincidence. Circuitry senses which
coincidence occurs first and switches the polarity indicator
accordingly.

The main advantage of voltage-to-lime conversion as a
technique for d.v.m.’s is its simplicity. Also, slowly varying
input voltages do not disturb the operation of the voltmeter,
as often happens with null-seeking voltmeters which may
continually hunt for, but never reach, a final balance.

A Dlock diagram of a typical ramp-type d.v.m. is shown
in Fig. 5. Here a voltage ramp is generated and compared
with the unknown voltage and with zero voltage. Coinci-
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dence with either voltage starts the oscillator and the elec-
tronic counter registers the cycles. Coincidence with the
second comparator stops the oscillator. The elapsed time is
proportional to the time the ramp takes to go between the
unknown voltage and zero volts, or vice versa. The order in
which the pulses come from the two comparators indi-
cates the polarity of the unknown voltage. The accumulat-
ed reading in the counter can be used to control ranging
circuits.

Integrating (Voltage-to-Frequency Conversion). This me-
ter measures the true average of the input voltage over a
fixed encoding time instead of measuring the voltage at the
end of the encoding time as do ramp-type units and suc-
cessive-approximation and continuous-balance meters. Mea-
surement at the end of the encoding time could coincide
with a burst of noise, thus creating an inaccuracy in the
ramp-type meters.

Conversion of a voltage to a frequency is illustrated in
the diagram of Fig. 6. The circuitry functions as a feedback
control system which governs the rate of pulse generation,
making the average voltage of the rectangular pulse train
equal to the d.c. input voltage.

A positive voltage at the input results in a negative-going
ramp at the output of the integrator. The ramp continues
until it reaches a voltage level that fires the level detector
which, in turn, triggers a pulse generator. The pulse genera-
tor produces a rectangular pulse with closelv controlled
width and amplitude, just sufficient to draw enough charge
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Fig. 5. Block diagram of typical ramp-type digital voltmeter.

[INTEGRaTOR 1
| NE | ZERO-LEVEL TRIGGER
1 ) ] e
I
| /
oc. ! |/ PULSE
LEVEL
VOLTS O—— MWW A : TRIGGER
iN i 4 TI OETECTOR ouT
] | S RS I S S
| 3 |
| b3 !
! 1 !
| i e i J
/ P PULSE
GENERATOR

from capacitor C to bring the input of the integrator back
to the starting level. The entire cvele will then repeat.

The ramp slope is proportional to the input voltage. A
higher voltage at the input results in a steeper slope, caus-
ing the ramip to have a shorter time duration, consequently,
the pulse repetition rate would be higher. Since the pulse
repetition rate is proportional to the input voltage, the pulses
can be counted during a known time interval to obtain a
digital measure of the input voltage. While a voltage ramp
is generated in this type - of d.v.m., the amplitude is only a
fraction of a volt und the accuracy of the analog-to-digital
conversion is determined not only by the characteristics of
the ramp but also by the area of the feedback pulses.

The main advantage of this type of analog-to-digital con-
version is that the input is “integrated” over the sampling
interval and the reading represents the true average of the
input voltage. The pulse repetition frequency “tracks” a
slowly varying input voltage so closely that changes in the
input voltage are accurately reflected as changes in the pulse
repetition rate. Therefore, the total pulse count during a
sampling interval represents the average frequency and,
consequently, the average voltage. This is important when
noisy signals ure encountered during measurement. The
noise is thereby averaged out during the measurement
without requiring input filters which would slow the meter
response time. Also, the meter achieves essentially infinite
rejection of power-line hum, the most prevalent source of
signal noise, when the measurement interval is an exact mul-
tiple of the hum waveform period.

Another advantage is that the pulse circuits provide a con-
venient means of coupling the information out of a guard
circuit. Such guard circuits are used to isolate the measur-
ing circuit from the remaining readout circuits. Fig. 7 shows
a simplified block diagram of the guard circuit arrange-
ment. Here the integrating digital voltmeter has u Hoating
mput and all of the voltage-to-frequency conversion circuitry
is housed within a guard shield. As in the case of other in-
tegrating d.v.m.’s, the integrator, pulse generator, and lev-
el detector generate a train of pulses. The total number of
pulses over a specified period is directly proportional to the
integral of the input signal over this same period of time.
This arrangement makes it possible to transformer-couple
the signal to the digital circuits outside the guard, permit-
ting complete isolation of the measuring circuit itself.

Potentiometric Integrating. This tvpe of digital voltmeter
combines the features of un integrating d.v.m. and a form
of differential voltmeter.

A conventional integrating d.v.m. measures the true aver-
age of the input voltage over a fixed encoding time. A con-
ventional differential voltmeter relies primarily on resistunce
ratios and a stable reference voltage to assure accuracy. It is
possible to combine these two basic features. Such a volt-
meter is divided into three sections: a voltage-to-frequency
(V/IF) converter, a counter, and a digital-to-analog (D/A)
converter. Readings are taken in two steps. First, the volt-
age-to-frequency converter generates a pulse train with a
rate proportional to the input voltage. This pulse train is
gated for a precise time interval and is fed to the first four
places of a six-digit counter. The stored (undisplayed) count
is transferred to the D/A converter, which produces a highly
accurate d.c. voltage proportional to the stored count. This
voltage is subtracted from the unknown voltage at the input
to the V/I° converter.

The next step in operation occurs

} PULSE {SUARD Fig. 7. By using guard when t]'1e pul..s'e train fr()m. tl)(.* V/F con-

| GENERATOR | circuit, complete iso-  verter is again gated—this time to the

| | lation  will result. 15t two places in the six-digit counter.

HI ANN { At the end of the second gate period
ATTENUATOR X LEVEL | ELECTRONIC the total count is transferred to the six

! T DETECTOR | COUNTER [] READOUT display tubes. The counter display is in-
?oi T GRIATOR | dicative of the integral of the input volt-
Lyoom _mn & ~—°F 0 - i age. A
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SURVEYOR—

Mission
to the
Moon

By JOSEPH H. WUIJEK, Jr.

Operation of TV camera system which soft-landed
on moon, took high-quality pictures of the lunar

surface, and then transmitted them back to earth.

Editor’s Note: The system described in this article is
used in our Surveyor spacecraft, which is designed to
actually soft-land on the moon, sample, and take pic-
tures of the lunar surface by means of the TV cameras
discussed. 1t should not be confused with the system
used in owr Lunar Orbiter, which has taken many fine
pictures of the mooi’s surface from an orbit around
that satellite.

3 were the culmination of years of engineering elfort.

In many respects, the Surveyor series of space vehi-
cles are perhaps the most sophisticated space systems vet de-
vised. From a distance of nearly a quarter-million miles,
photographs of the moon’s surface were transmitted to a
receiving station on earth. The majority of the received
photographs were of commercial TV quality. This article
will discuss the missions of Surveyors 1 und 3, with particu-
lar emphasis on the television camera systems emploved.

The Surveyor spacecraft was built by the Hughes Air-
craft Company for NASA under the direction of The Jet
Propulsion Laboratory of The California Institute of Tech-
nology (Caltech). Seven Surveyors are to be built and
launched on lunar soft-landing missions. Surveyor 3 differs
from Surveyor 1 in that in addition to the TV canera, a
surface-sampler device was incorporated in the design.
Survevor 3 also used two small, flat mirrors in order to ex-
tend the visual range of the TV camera. A third variation
in Surveyor 3 was a small metal visor used to keep stray
light fromn reflecting into the mirror of the TV camera.

Surveyor 3 weighed 2283 pounds at launch and after the
retro-rocket, weighing 1444 pounds, was jettisoned, land-
ing weight of the spacecraft on the moon was 666 pounds.
The over-all height of Surveyor 3 was about 10 feet, with
the extended tripod legs forming a circle 14 feet in diamn-
eter. The Atlas-Centaur launch vehicle, built by General
Dynamics/Convair, develops 387,000 pounds of tlrust in
the first-stage Atlas, with the second-stage Centaur provid-
ing about 30,000 pounds more thrust. Surveyor 1 used a

THE successful lunar soft landings by Surveyors 1 and
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Fig. 1. Major maneuvers performed by Surveyor 3 after lift-
off for the 240,000-mile journey to the moon. Earth-parking
orbit was maintained about 20 minutes prior to 66-hr trip.
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Fig. 2. The various components of the Surveyor spacecraft. In-
cluded are seolar panels, a planar ontenna, approach and sur-
vey TV cameras, two omnidirectional antennas, and a number
of power sources and contral devices for spacecraft functions.

Fig. 3. The survey TV camera is mounted atop the white tur-
ret, while the downward-looking camera is in the center fore-
ground. The larger beall-shaped tank at the far right was
filled with helium used for the vernier engines. The smaller
tank next to it holds nitrogen used for small aftitude jets.

z
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direct approach to the moon, while Survevor 3 used « park-
ing orbit, requiring a second ignition of the rocket engine.
Details of the Survevor 3 maneuvers are shown in Fig. 1.

In the hursh environment ol the moon, reliabilityv be-
comes the prime consideration. The temperature of the
lunar surface ranges from —250° F to +250° F during the
lunar night and day, respectively, but since a lunar night
or day stretches over 14 earth davs, there are long periods
of exposure to lhese temperature extremes. However,
thermal control within the spacecraft maintains a tempera-
ture range of —20° F to 4+165° F. The solar panel and
planar arrav antenna also serve as a sun shield to protect
the TV camnera from direct solar heating. Since the moon
is, practically speuking, without an atmosphere, heating
is by radiation and conduction.

Fig. 2 shows the spacecraft configuration with the sur-
vev TV camera situated high atop the vehicle for maxi-
mum viewabilitv. A close-up view uand cut-away drawing
of the camera are shown in Figs. 3 and 4. Since one re-
quirement of the missions was to scan as much of the lunar
surface as possible. a mechanical scanning arrangement
was incorporated in the vehicle. Limits on power con-
sumption and the thermal extremes made movement of the
entire TV camera impractical. Instead, a mirvor that could
rolate vertically and horizontally was used. Bv ground
command the mirror could be rotated horizontally in 3-
degree increments and vertically in 5-degree increments.

The TV svstem wus triggered into various modes by 27
diflerent ground commands, vielding a high degree of
scaming and photographic flexibility. Potentiometers were
mechanically coupled to the scan mirror and the resultant
signal used to determine mirror orientation relative to the
spacecraft. Three color filters—red, green. and blue—were
used to construct color photograplis. Each filter was suc-
cessively communded to cover the camera lens and the
photo then taken with each filter in place. A polarizing
filter wus also available by ground command. Potentiom-
eters were used to indicate which filter was positioned
before the camera. As wilth the mirror position data, this
information wus transmitted to earth via the telemetry
(TM) link.

A photosensitive diode was used as a deteclor to prevent
direcl sunlight from entering the camera lens and dam-
aging the vidicon tube. The presence of divect sunlight on
the diode caused an inhibiting circuit to lock the shutter in a
closed position. A photocell was used to adjust the camera
aperture in much the same way as the automatic shutter
control operites on some types of ordinary cameras.

Two modes of TV transmission are possible: 600 and
200 lines. The 600-line transmission, compared to the 525-
line transmission of U. S. commercial broadcasting systems,
can be transmitted at the rate of one complete picture every
3.6 seconds. The 600-line transmission can also be com-
pleted in 2.4 seconds. The faster transmission of 600-line
pictures is achieved at some sucrifice of picture quality since
less time is allowed for vidicon erasure. The 200-line mode
requires 21 seconds to transmit and 41 seconds to erase the
vidicon. The second mode was incorporated into the design
as a safeguard in the event the array antenna were dam-
aged or not alignable with the earth. The reduced hand-
width requirement of the 200-line system allows use of
one of the two omnidirectional antennas.

The svstem may be operated at either 0.1 watt or 10
watts of radiuted power. The relatively slow speed of trans-
mission is due to bandwidth limitations. erasure time of the
vidicon tube, and readout of the vidicon information. In
addition, sync pulses and data regarding the camera posi-
tion is transmitted with each picture.

The camera can resolve objects of 20/1000th inch (20
mils) diameter at a distance of four feet. A zoom lens is
used to allow close-up photos as well as distance shots.

The surface sumpler, a claw-like device that looks like a
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toy shovel at the end of a scissors-like extension arm, wus
used by Surveyor 3 to dig a small furrow in the moon’s
surface. The sampler has a 2 to 3 foot reach over about a
10-foot arc and can penetrate the earth’s crust to a depth of
18 inches. The mechanism and housing of the scoop weighs
8.4 pounds and the control electronics an additional 6.3
pounds. A channel of the TM link monitors the current
drawn by the sampler mechanism motor, thus providing u
measure of the force required to power the scraper. The
force required tells something of the composition of the
moon’s crust, which in the vicinity of the Surveyor 3
touchdown is the consistency of wet sand.

The primary ground station for the Survevor program is
in the Mojave Desert at Goldstone, California. The site is
an important station in many of the U.S. space programs
and is operated by The Jet Propulsion Laboratory for NASA.

Results of Surveyor Missions

Surveyor 1 lkinded near Flamsteed Crater in Occanus
Procellarum (Ocean of Storms) at 0617 hours GMT, June
2, 1966. The landing was within one sccond of the target
time and within nine miles of the selected landing point.
In the six wecks which followed, Survevor 1 transmitted
11,150 high-resolution pictures of the lunar surface. Com-
munications with the spacecraft were established inter-
mittently from July 1966 through Junuary 1967, but photo-
graphs were not transmitted after July. However, importunt
data on the motion of the moon was provided by observing
the Doppler shift. Recall that the Doppler effect has to do
with the increase or decrease in frequency of a wave
(electromagnetic or sound, for example), as the wave
emanates or is reflected from an object in motion relative
to the observer.

Survevor 2 was launched September 20, 1966 with an
intended landing in the Sinus Medii (Central Bay) region
at the center of the moon. As a result of a failure in one of
the three vernier (mancuvering) rockets, the spacecraft
began a tumbling motion during the mid-course maneuver
phase. On September 22 the muain retro was fired, but all
signals from the spacecraft ceused one minute after firing.
After an attempt to locate the spacecraft by receiver sig-
nals, the mission was officially terminated at 2:53 aam.
PDT, September 22, 1966.

Survevor 3 was launched from Cape Kennedy at 11:05
p.m. (PST) on April 16, 1967. A parking orbit of neurly
circular proportions was held for 24 minntes at an altitude
of 103 miles. The Centaur stage was then re-ignited for
the lunar flight. The landing at 4:04 p.m. (PST) on April
19 was in a crater in the QOcean of Storms. Because the
landing was a bouncing touchdown, program personnel were
fearful that the spacecralt had sustuined damage. These
fears vanished, however, when the vehicle responded to com-
mands, Within 12 hours after landing nearly 400 photos had
heen transmitted. See Iig. 5.

The mechanical claw sampler was commanded into action
about 24 hours after touchdown. Color pliotographs revealed
the soil to be grav.

The remaining Surveyor missions will undoubtedly add to
our knowledge of the moon. The Survevor program thus
forms an important link in the plan to land @ manned vehicle
on the moon. By supplyving data on the terrain, soil consis-
tency, and geology of the moon, Surveyor will provide astro-
nauts with much information prior to their lunding. A

Fig. 5. Sun shining from directly behind Surveyor 3 silhou- >
ettes shadow of spacecraft against interior or crater in
which it landed on April 19, 1967. This photo, taken on May
2, is among the more than 6000 photos obtained by the space-
craft during its first lunar day (14 Earth days) operation.
Surface sampler is seen in its final position at lower left,
the arm almost fully extended about five feet from the space-
craft. Shadow at top is image of solar panel and the plan-
ar antenna array atop mast. Just to the left of the mast is
the shadow of the television camera that took this picture.
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Fig. 4. Cutaway view of the survey television camera which is
shown mounted in place in Fig. 3. Because of the high tempera-
tures on the moon and a fimitation on the amount of power
which could be consumed, the camera was made stationary and
the mirror was made movable an command from ground control.
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Photo shows a sophisticated 14-track instrumentation tape re-
corder. This instrument, an Ampex FR-600, can use any of the
recording systems for anolog recording—including direct re-
cord, FM, or PDM. It features automatic switching of tape
speeds and electronics, o precision drive system with o fre-
quency standard, a speed control servo system, air-lubricated
tape guides, and other items described in the text. A recorder
such as this is generally centrally located with all the lines
from the various test locations being piped to a central patch
board. Tape machine should be in air-conditioned environment.

HE techmical principles involved in the audio tape re-

corder are well-known to many in the electronics in-

dustry but probably few are familiar with its big
brother, the instrumentation tape recorder. This modern
workhorse of the instrumentation industry owes its humble
beginnings to the development of the audio tape recorder by
a German, itz Pllenmer, during the carly days of World
War 11, Pllennmer discovered that the addition of a high-
frequency bias current to the recording process eliminated
most of the distortion caused by the non-linear characteris-
tics of magnetic tape, The machine soon ceased to be a
laboratory novelty and was adopted for the recording of
broadcast material and for other wartime purposes.

The design of the machine remained unchanged until sev-
eral years after the war when tecdmological advances triggered
increasing interest in magnetic tape as a means of recording
scientific data. From that time on the progress of instrumen-
tation tape systems was very rapid until, by the 1950, the
machine was in widespread use throughout the industry in
essentially its present form.

Head-Gap Size and Tape Speed
] I I

The recording range of the tape recorder when it was first
adopted as an instroment ol scientific rescarch was about
100-13.000 Hz. This was recording by the so-called “direct-
record” method, that is. the signal was aplified, mixed with
a high-frequiency bias cirvent, and applicd to the magnetic
tape in basically the same form as it was received. This same
method is nsed in present-day andio recorders.

A recording range of this bandwidth, althongh nseful, pro-
vided rather imited scope in scientific rescarch. Upon investi-
gation_ it was fonnd that frequency response was essentially
dependent on two factors: tape speed and the size of the
head-gap i the reproduce head. This is because, us the wave
length of the recorded signal on the tape approaches the
head-gap size, the ontpnt signal from the head decreases un
tit it finally becomes zero when they are equal. This is shown
m Fig. |

From this it becomes apparent that the frequency response
of the recorder can be increased by one of two methods: in-
creasing the tape speed or decreasing the reproduce head-gap
size (gap length). Actoally a compromise is made in the
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THE
INSTRUMENTATION
TAPE RECORDER

PART 1

By RAY A. SHIVER / AiResearch Mfg. Co.

Widely used to record data in lab and industry,
this  special purpose multi-channel magnetic
recorder evolved from the simple audio machine.
Part 1 covers the development of the recorder
and describes the tape transport, along with the
available  mechanical and electrical  features.

modern instrumentation recorder. For example, to reproduce
a signal up to 250 kllz by this direct-record method a tape
speed of 60 inches per second (in/s) is commonly used. This
is equal to 4166 complete cycles per inch of tape or a wave-
length on the tape which equals about 0.00024 inch. Thus, in
order to insure adequate output from the reproduce head, a
head gap size equal to half this value, or 0.00012 inch, would
be needed. In practice, a gap of 0.0001 inch (or 100 pin) is
used.

This compromisc between tape speed and reproduce head-
gap size is necessary for several reasons. There is a direct re-
lationship between tape speed and head wear. The higher the
tape speed, the shorter the life of the head assemblies. Al-
though the oxide particles on the tape surface are extremely
small, their abrasive action on the head surfaces increases
with tape speed. If the reproduce head-gap size is reduced
in order to increase frequency response, the output voltage
is reduced, with a corresponding decrease in the signal-to-
noise ratio. A narrower head gap results in faster surface wear
and shortened head life. Hence, it becomes apparent why
most instrumentation recorders of the future will probably
use rotating head assemblies as a solution to this problem.
This is one way to eflectively increase tape speed while main-
taining pructical head-gap sizes.

Construction of Heads
Since the heads are a very critical part of any tape system,

a great deal of care goes into their design and construction.

Fig. 1. Head-gap spacing (gap length) determines the highest
frequency that can be recovered from the magnetic tape used.
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Fig. 2. Construction and the component parts of Ampex magnetic tape head that will produce seven tracks on instrumentation recorder.

Unlike audio recorders, head-stacks for the instrumentation
recorder may produce up to 14 separate tracks. (Digital tape
systems designed for use with computers may contain an
even greater number.)

Construction details of such a head stack are shown in Fig.
2. It consists of a number of laminated core halves joined
together with non-magnetic spacers to form a gap area. The
flux path between core halves is completed when magnetic
tape is drawn across the gap. The magnetic shields are de-
signed to minimize coupling between adjacent core sections.
In order to provide a rigid head assembly, the core sections
and shields are sometimes cast into a solid mounting made of
€poxy.

Important dimensions to be maintained in the construction
and alignment of a head stack are shown in Fig. 3. Track
spacing refers to the distance between tracks on a centerline
while track width is the area of tape occupied by the width
of the head gap. Gap scatter is any deviation from true center
of any of the head gaps and is taken as the total distance en-
compassing the greatest point of deviation between two gaps.
Gap azimuth is the perpendicular alignment of the gap cen-
terline with reference to the base plate of the recorder.

Since variations in these dimensions must be kept to u
minimum for the instrunientation recorders produced by vur-
ious manufacturers, a set of standards has been adopted by
IRIG (Inter-Range Instrumentation Group—a group of mili-
tary testing centers that perform extensive tests using mag-
netic tape equipment) to insure the compatability of all re-
corders in the instrumentation field. These dimensions are
given in Fig. 3, along with the accuracy to be maintained.

Magnetic Recording Tape

Magnetic tape for instrumentation recorders must conform
to many rigid specifications in order to produce the results
for which the instruments are designed. Among the most im-
portant are uniformity of the oxide coating, a backing that
possesses both high tensile strength and the ability to resist
stretching, and a suitable binder for the oxide coating that
will resist wear and prevent contamination of the gaps and
other surfaces with oxide particles.

Two materials commonly used for backing on instrumen-
tation tape are cellulose acetate and polyester. Since polyester
has somewhat greater tensile strength, it is used more fre-
quently. Standard widths of %, %, and 1 inch are provided to
record four, seven, and fourteen channels of data, respec-
tively. Tapes are available in either 1.5 or 1.0 mil thicknesses
with the 1-mil tape offering twice the recording time.

The oxide coatings are generally designed for specific ap-
plications and the exact composition of oxide and binder de-
pends on the ultimate use. Magnetic tape containing small
impurities can cause dropouts (momentary loss or reduction
of the signal) which could have an adverse effect on the data.,
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Fig. 4. Evolution of the tape-transport mechanism used.
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Fig. 6. A three-motor instrumentation tape transport sysiem,

depending on the tvpe of signal and recording method used.
Special tapes are available with the oxide coating covered
by a thin layer of plastic which prevents the head gap from
making direct contact with the oxide surfuce. The plastic
coating (50 upin or less) has the effect of increasing head life
although there is a loss of the higher frequencies due to the
separation of the oxide surface from the head gap. However,
it is very useful for certain applications.

Tape-reel sizes for instrumentation recorders are available
in standard NAB 77, 10%”, and 14” diameters. \When using
a fast tape speed (30 or 60 in/s), it is convenient to use the
larger reel size since tape is used quite rapidly at such record-
ing rates. For example, a 14” reel containing 5000 feet of 1.5-
mil tape will provide approximately 15 minutes of recording
time at 60 in/s. Thus it is important to choose u tape speed
that is consistent with the frequency range to be recorded if
optimum tape usage is to be realized.

The Tape Transport

The evolution of the tape transport from the early audio
recorder to the present-day instrumentation recorder is
shown in Fig. 4. Fig. 4A shows the basic system of the origi-
nal audio recorder. The tape was pulled from the supply reel
by the take-up reel through a series of tape guides and past
the record and reproduce heads or a single record-reproduce
head. This long loop of uncontrolled tape led to undesirable
oscillations in the system which are known as flutter or wow,
depending on the frequency. Flutter usually refers to changes
above 10 Hz while wow covers a frequency range from 0.1 to
10 Hz. Another drawback to this method is the large change
i tape speed that results.

The open-loop drive system of Fig. 4B oflers an improve-
ment since now the tape movement is controlled by the drive
capstan and pinch-roller assembly. This constant-speed sys-
tem is used in most modern audio recorders. However, the
need for a more precisely controlled system for instrumenta-
tion purposes led to the development of the closed-loop drive
svstem of Fig. 4C. The use of the two pinch rollers aud the
turnaround idler controls the tape both as it enters and leaves
the head assemblies and keeps the tape loop very short, Thus
the tape is maintained at a constant tension which lessens
the chance of flutter,

An ideal tape transport system would be the one of Fig,
4D. This is the zero-loop drive system which eliminates any
tape loop between the record and reproduce heads. This re-
quires extremely close tolerances for the manufacture of the
drive capstan which doubles as a turnaround idler and asso-
ciated parts. For this reason this particular type of tape-
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transport system is not found in most production recorders.

Several additional features have been developed to help
reduce flutter and wow to a minimum. One of these is the use
of air-lubricated tape guides which virtually eliminates fric-
tion caused by the movement of tape over non-rotating mem-
bers. This is accomplished by producing a film of air for
the tape to ride on as it passes the tape guide. A small air
compressor is included with this type of recorder to produce
the air supply needed for the air lubrication system.

Another method used to combat flutter in tape systems is
electronic flutter compensation. This is a system whereby a
reference signal is recorded on the tape on a separate channel
and later used in the playback process in order to cancel out
the effects of flutter.

Precision Drive Svstems

Besides the undesirable effects of flutter and wow, instru-
mentation tape systems are also subject to variations in tape
speed known as drift. This is a much more gradual process but
one that can produce serious errors in timing. Errors of this
nature are generally caused by small variations in power line
voltage and frequency, although mechanical imperfections
can be a contributing factor. 1t is usually at its worst when a
tape is recorded on one machine und reproduced on another.
A highly regulated power supply for the tape transport serves
to reduce this type of error to a minimum.

The heart of the power supply is a frequency standard con-
taining a tuning fork that oscillates at a precise frequency.
This signal is amplified until enough power output is obtained
to drive the capstan motor. Thus a power source is provided
which maintains a constant frequency and voltage no matter
what the variations in the power-line source.

It can De scen from the above that a precision driving
source will reduce timing errors caused by power-line varia-
tions. However, this will not correct for errors in timing
caused by stretching or otherwise deforming of the tape itself.
A playback servo system is very effective in reducing this.
Referring to the diagram of Fig. 5, a separate 60-Hz oscillator
is used to modulate a control reference signal for one of the
recording chaunels. When played back in the reproduce
mode, the signal is then demodulated and compared with the
60-Hz reference voltage in the phase comparator. Any error
voltage present is used to shift the frequency of the control
oscillator to either speed up or slow down the drive capstan.
This, in eflect, will cause the capstan to reproduce the original
error in the same manner produced in the recording process,
thereby canceling it out.

Tape Tension and Braking

From an examination of the various tape drive systems in
Fig. 4, it can be seen that the tape must be kept under proper
tension as it enters and leaves the drive capstan. Improper
tension at either point can cause skewing, tape loops, or slip-
page at the drive capstan. In the normal mode of operation
tape is drawn from the supply reel at a rate determined by
the speed of the drive capstan. The tension on the takeup
reel must be sufficient to prevent a tape loop from forming
between the reel and the drive capstan but not so great as to
cause slippage of the tupe.

A block diagram of a typical tape transport containing
three motors is shown in Fig. 6. The tape supply and takeup
reels are driven by torque motors with torque output being
a direct Tunction of current input. The transport is shown in
the normal record or playback mode. Resistors Rl and R2
are in series with the supply and takeup reel motors which
thereby operate at reduced torque. Note that the wrow on
the supply reel shows a force opposed to the direction of
tape travel. This supplies the braking action necessary for
proper tape tension between the supply reel and the drive
capstan. The situation between the takeup reel and the drive
capstan is just the reverse. Here the reduced torque in the
direction of tape travel maintains just enough tension to
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allow for a smooth winding operation without permitting a
tape loop to form.

In the fast-forward position resistor R2 is shorted by relay
contacts RL2 and full voltage is applied to the takeup reel
motor. Relay contacts RL1 remain open, maintaining a re-
duced voltage at the supply-reel motor. This permits tape
to be pulled rapidly from the supply reel to the takeup reel.

In the rewind process the conditions are reversed. RL1 is
closed, providing full voltage to the supply-reel motor and
RL2 remains open, maintaining a braking torque at the take-
up reel.

The amount of torque required for the reel motors to per-
form their various functions is dependent on reel size and
the thickness of the tape used. A separate switch (not shown)
which presets the voltage range for the particular reel size
and tape thickness is usually provided.

In addition to the functions given above, a means must be
provided for braking both reels when the tape transport is
placed in the “stop” position. This can be conveniently done
by mechanical brake bands and drums attached to the shafts
of the torque motors. Such a braking system can be actuated
by an electrical solenoid or pneumatic piston in conjunction
with the stop switch. The brake-tension adjustments are
uite critical since broken tape or tape loops will result if
they are incorrectly set.

Useful Operational Features

Several features usually found in a precision tape transport
are worthy of mention since they contribute to operator con-
venience or speed up operation of the system considerably.

1. End-of-reel sensing: This is useful in preventing tape
from running off the end of the reel in either direction.
Probably the easiest way to accomplish this is to provide a
section of foil leader spliced to both ends of the tape. When
the foil leader comes up, an electrical path from an insulated
guide post is completed through the metal, actuating the
stop relay. In some of the more sophisticated machines this is
accomplished with a differential pressure transducer which
senses the air pressure between the tape and a small air jet.
As the tape approaches the end of the reel in either direc-
tion, the pressure between the tape and the sensing trans-
ducer rises until, at a predetermined level, the stop circuit
is actuated. This has the advantage of eliminating the foil
leader.

2. Tape-to-head disengaging system: This provides auto-
matic separation between the tape and heads in the fast-for-
ward and rewind mode. This eliminates the tedious task of
removing the tape from the drive loop each time the rewind
or fast-forward mode is used. Leaving the tape in contact with
the heads during the process would, of course, greatly accel-
erate head wear. One method of obtaining the necessary
separation is to move the headstacks away from the tape sur-
faces during fast-forward or rewind. This involves the use of
either a pneumatic or electric actuator. Either system works
well, although precision machining is required for all moving
parts since the head tolerances must be maintained within
specs. Tape separation can also be accomplished by a system
of movable tape guides with stationary heads. The guides
act as “fingers” to lift the tape just clear of the head surfaces
when fast cycling the tape. Both systems are provided with a
manual override switch to disengage the circuit when nec-
essary to monitor the tape when in the fast-forward or rewind
mode.

3. Single-switch speed control circuit: This feature pro-
vides for the selection of any tape speed from a single switch.
Some machines require the changing of belts or pulleys to
accomplish this. In most four-speed recorders a drive motor
is furnished which has four separate windings. To select a
tape speed it is only necessary to select the appropriate
winding. Transports that have six or more tape speeds usu-
ally require several belt and pulley changes in order to
cover the complete speed range.
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Fig. 7. Installation of a tape loop or "'tail chaser.’’

4. Automatic electronic switching: This is usually op-
erated in conjunction with the tape speed selector switch
and, by means of relays, connects the various equalizers,
filters, and oscillator center-frequency units necessary for
each tape speed. Without this feature all the components
(which may be plug-in types) must be changed by hand
each time a different tape speed is used.

5. Portability: This feature is important in a machine
that must be moved from one job to another. However, in
order to produce a tape transport of small size and less
weight, the manufacturer must frequently leave out many
of the features desired by the operator.

6. Remote control: This feature is desirable when a large
instrumentation recorder is centrally located. This permits
an operator to start, stop, record, and perform various other
cperations while several hundred feet from the recorder.
Transports having this feature generally require all the con-
trol functions to be operated electrically by a system of
relays. Remote control then becomes a matter of extending
the various switching leads.

7. Turns counter: This is practically a “must” for any
machine that is to be used for data reduction. The counter
does not necessarily indicate actual tape footage but is used
in the data-reduction process to provide reference points.

8. Edge-of-tape channel: This is a direct-record channel
that is used for commentary and is applied to the extreme
edge of the recording tape. This is in addition to the regu-
lar recording channels.

9. Tape-shuttle system: Two turns counters are provided
on a machine with this feature. These are electrically con-
nected to the control system in such a way that the tape can
be shuttled continuously between any two selected points.
This permits any point desired to be repeated continuously
in the reproduce mode.

10. Tape-loop adapter: Most tape transports can be read-
ily adapted for a tape loop (or “tail chaser”). Fig. 7 shows
the way this is done. The reels are removed from the trans-
port and the tape loop adapter is installed. A section of tape
is cut from the reel and spliced into a continuous loop.
Threading the loop is simply a matter of placing the tape
on the various idlers and adjusting the tape tension, as
shown in the diagram. The data on the tape loop can now be
repeated continuously for detailed analysis.

Next month we will go into the electronics circuitry used
and discuss the various recording methods that are employed.

(Concluded Next Month)
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Electronic counter having a 300 to 3000 MHz plug-in unit.

Digital U.H.F.
Frequency
Measurements

By WILLIAM BARDEN

Three basic techniques are used to make digital frequency measurements
possible up to frequencies as high as 15,000 MHz. In one method, with
transfer oscillator, an accuracy of 300 Hs in 1000 MHs= is obtainable.

IGITAL electronic counters are a must in every cali-
bration lab, production line, and research and devel-
opment laboratory in the electronics industry. They

not only have the several parts-per-million accuracy neces-
sary for precise frequency measurements, but provide an
easy-to-read display of measurements taken at rapid sam-
pling rates. Unfortunately in the past, their frequency limits
have extended only up to 50 or 100 MHz at the most.

Recently, however, new techiques have been introduced
that make digital frequency measurements possible to
15,000 MHz. One of these techniques divides the input
trequency to be measured by two, four, or eight to produce
a frequency low enough to be measured by conventional
methods. Another activates the old principle of heterodyning
with a new approach. In the third, a zero-beating technique
is used. These new methods mean that engineers and
techniciuns now have the direct-reading versatility and ex-
treme accuracy of an clectronic counter for frequencies
widely used for communications and experimental pur-
poses. Furthermore, as the statc-of-the-art advances, one
other important fact is noticeable. Prices are coming down,
making w.luf. counting equipment readily available.

Prices have decreased not only because of the availabil-
itv of less expensive transistors and components but also
because of current manufacturing philosophv. Most of the
new wht. equipment is built as plug-in units similar to
those used with oscilloscopes. The plug-ins are used in
a basic counter chassis that, by itself, is capable of counting
up to 50 or 100 MHz. When installed in a counter chassis,
the plug-ins use the power supply, oscillator, and functional
switching of the counter. While the combined price of the
plug-in and basic counter is not low, it is much less expen-
sive to supplement the range of a low-frequency counter by
adding a plug-in assembly than to replace the whole
counter with a new one which covers all frequencies up to
the u.h.f. range.

Since most u.h.f. counting equipment is of the plug-in
type and is used in conjunction with a low-frequency coun-
ter chassis, an understanding of low-frequency electronic
counting by direct methods is necessary in order to grasp
the new higher frequency techniques.

Basically, most electronic counters are designed to provide
two types of measurements; rate and time interval. The
rate function measures the number of pulses in a selected
time—the pulses do not have to be regularly spaced. Fre-
quency measuremnent is a special case of rate measure-
ment. The pulses in this case just happen to be regularly

as

spaced, but are still a rate function (cycles per second).
The time interval function measures the time interval be-
tween two or more input pulses. Period measurement
is unother special case. The time interval in a period mea-
surement is the same for any two imput pulses selected.
Because the time intervals between pulses of w.h.f. signals
are smaller than the period of the signal used us a standard
in most counters, time-interval measurements are not
usable at u.h.f. frequencies. Almost all measurements ol
uwhf. signals eventually involve frequency measurements
by the basic counter.

A counter measures frequency (or rate) as shown in
Fig. 1. The input frequency (f;,) is received by the input
amplifier. The amplified signal is next squared by the shap-
er, a conventional Schmitt trigger whose triggering point
may or mayv not be adjustable. The square-wave output
of the Schmitt trigger is one of the inputs to an and signal
gate. The signal gate is enabled (opened) when a gating
signal is present. The gating signal is developed by the crys-
tal oscillator/decade divider section of the counter. The
oscillator is extremely stable, typically 10 parts in a billion
per week, and operates at a 1- or 10-MHz [requency. The
output of the oscillator is squared by another Schmitt trigger
circuit (shaper) and then divided in steps of ten by a series
of decade dividers. Euch decade divider provides one out-
put pulse for every ten input pulses. A 1-MHz oscillator fre-
quency then becomes a precision 100-, 10-, 1-kHz and 100-,
10-, and 1-Iz time-base frequency. A time-base switch se-
lects which of the time bases will be used for measurements.
The control gate allows one time-base pulse to open the
gate and the next to close it. The signal gate, then, allows
the shaped input frequency pulses to pass through it only
for the time interval between two pulses of the selected
time base.

Assume the input frequency to be exactly 15 MHz. If a
time-base frequency of 10 kHz is selected (the time-base
frequency must always be lower than the input frequency
for obvious reasons), the signal gate will be opened for the
time interval between two 10-kHz pulses, or 0.1 millisecond.
For every 10-kHz pulse there are 1500 15-MHz pulses. Con-
sequently, 1500 pulses pass through the signal gate during
the time it is open. The signal pulses passing through the
gate are counted by decade counters. The decade counters
are similar to the decade dividers used in time-base circuits
in that they produce one output pulse for every ten input
pulses. The decade counters, however, provide a visual dis-
play of the number of pulses each receives. An indicator
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( and your audience, too! )

WITH VOLUME II

SOUND FOR
A PICTURE
EVENING

This superb 12-inch, 333 rpm record

brings you 30 selections of sparkling, mood-
setting off-beat music and hard-to-find,
sound effects. For use “‘as is” by playing

the appropriate tracks as your slide or movie
show proceeds or for editing your selections
and recording them on tape, “Sound For

Jofolofololololoofafatofefo{ofofo]ofofalofcioYo ot ufatolcYalclotelblo)

A Picture Evening’” adds another dimen-
sion to your photography—high
fidelity sound.

Photographers are travelers . . . are parents . . . are sportsmen . .. are
restless experimenters with the unusual. And so the editors of POPULAR
PHOTOGRAPHY have produced this second volume of unusual music and
sound effects expressly to match the activities and moods in the most
popular types of pictures shown in slide and home movie shows. These are
melodies and sounds selected from the vast resources of the Capitol Record
Hollywood Library to fit the special needs of photographers. The 30 bands
of “‘Sound For A Picture Evening, Vol. I supplement but do not duplicate
any of those in the first edition of this popular record.

The “'Sound For A Picture Evening, Vol. 11" album has been produced by
the editors of POPULAR PHOTOGRAPHY exclusively for our readers and is
prepared by the Custom Services Division of Capitol Records. This outstand-
ing album, which cannot be purchased in any store, is available by mail
only to the readers of Popular Photography and other Ziff-Davis magazines.

There are 19 bands of mood and special-situation musi¢ . . . 11 bands of
unusual, hard-to-find sound effects.

MOODS: Majestic, Backyard Nature, Experimental, Mysterious, Music of the
Spheres « NATIONAL PORTRAITS: Vive la France, German Village Band,
Soul of Spain, American West, English Countryside, Buon Giorno, Italia »

SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping
Horses, Zoo Noises, Children at Play, Cocktail Party, Birds on a Spring
Morning, Outboard Motor, Oars in Water, Skis on Snow, Trumpet Fanfare,
Solo Violin « SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music
for Slow-Motion Movies, Music for Speeded-Up Motion, Music for Stop-
Motion Movies, Underwater Music, Music for Old-Time Footage.

For photographers with wanderlust, you'll find the ‘‘National Portraits'’ to be
authentic melodies to go with your vacation pictures of England, France,
Germany, Italy, Spain and the American West.

There are also those special bands to accompany the kind of pictures sports-
men take: The sound of galloping horses, of boat motors, of skis on snow,
of oars in the water. You'll even find other-worldly mood-music chosen espe-
cially to go with underwater pictures.

Experimental photographers will find the electronic music ideal accompani-
ment for abstract pictures. The music for stop-motion, slow-motion and
speeded-up-motion pictures is fanciful and imaginative in helping to present
the unusual scenes being portrayed on your screen. And there is even mood
music to convey the visual grandeur of ancient museum relics and photo-
graphs of the stars and planets.

To these add many other tracks of carefully selected music and sounds—~
and you have ‘‘Sound For A Picture Evening, Volume II.”
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COMPLETE WITH INSTRUC-

TIONS AND BAND POINTER F R E E !

A comprehensive instruction booklet comes with your record,
showing you how to make a successful sound-and-music tape
track for your slide or movie show, or to use the record alone as
background, even if you're a rank beginner. An ingenious band
pointer which fits on top of your record instantly locates any
band you want. No guessing, no wasted motion, no false starts.

This 127 long playing vinyl album consisting of selections from
the music masters of the Capitol Record Hollywood Library is

available to you for
only $3?8 POSTPAID!

It's a must for every slide and film show impresario and an
album you will enjoy for many years to come,

PLACE YOUR ORDER NOW

‘'Sound For A Picture Evening, Yolume II'!
P. 0. Box 3118
Church Street Station, New York, N.Y. 10008

Please send __________ “‘Sound For A Picture Evening,
Volume |I1"" albums at $3.98 each, postpaid.

My check (or money order) for $ is enclosed.

(Outside U.S.A. please send $6.00 per record ordered.)
N. Y. State residents please add local sales tax.

Name
Address
City

State

EW-117

Zip Code

PAYMENT MUST BE ENCLOSED WITH ORDER
‘‘SOUND FOR APICTURE EVENING, VOLUME 1" still available
| missed this first release containing 17 specific mood music
backgrounds and 8 tracks for special sound effects. Please
send “‘Sound For A Picture Evening, Volume [’

albums at $3.98 each, postpaid. (Outside U.S.A, send $6.00
per record ordered.)
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Technicians working closely with radiation-emitting devices
are exposed to far greater danger than the general public.

RADIATION AND THFE TECHNICIAN

ce ERE’S something to read and think about,” Mac
said, sliding a sheet of paper along the service
bench to his assistant, Barnev. “lt’s a ‘Service
News’ sheet put out by RCA telling of the dangers of radia-
tion from TV receivers and describing precautions that
should be taken to protect the viewer and the technician
from excessive radiation.”

“I notice you emphasize ‘and the technician,
observed. “Any particular reason?”

“Yes. You remember the hue and crv that took place this
summer when it was found that certain color-TV sets were
emitting radiation in excess of what is considered safe. This
resulted in hearings in both the House and Senate aimed at
determining what radiation hazards to the general public
are contained in various kinds of electronic gear. especially
TV receivers, und whether or not legislation was nceded to
afford protection to the public.

“That’s all very fine, but, when vou come to think of it,
the service technician is likely to have much more exposure
to this kind of equipment than is the user. While radiation
falls off rapidly with distance from the source, we are usually
working right on top of receivers, Total radiation dosage is
a function of the length of exposure, and we often spend an
eight-hour day with color sets working on all sides of us. To
make matters worse, we often work on sets with some of the
protective shielding removed or on sets in which the voltage
regulation is malfunctioning and higher than normal ac-
celerating voltages are present. Since tlie gencration of
x-rays is directly related to the accelerating potential, such
sets often exude higher than normal radiation.”

“See what you meun,” Barmey said; “and to add to the
problem, many top-notch technicians, including vour hum-
ble servant, are not too knowledgeable about radiation
dangers.”

“That’s probably because low-level radiation is such un
insidious menace. Unlike a jolting shock or a blistering humn
from a hot tube, radiation damage cannot be detected by the
senses and shows no immediate eftfect. T that recard it re-
minds me of the discovery a few years hack of the damage
to the liver and other organs resulting from the breathing of
carbon tetrachloride fumes. Because of the time lag between
exposure to the fumes and resulting illness. the two were not
tied together, even by the medical profession; and we
technicians in our ignorance blithelv used gallons of the stuft
to clean volume controls, wash oft grease, etc., breathing in
pure poison all the while.”

“Where does most of a TV sels radiation come from?”

“From the picture tube, the high-voltage rectifier, and the
high-voltage regulator tube.”

“Whut’s considered a safe level of radiation?”

“Actually, uccording to rudiation experts, there’s no such
thing as a completely safe dose. Any exposure can harm
man. However, man lives with a background level of bom-
bardment from cosmic rays and natural radiation that ve-
sults in an average dose of about 0.3 milliroentgen every
twenty-four hours. This exposure is considerably greater at
higher elevations where there is less atmospheric shielding

Barney
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from cosmic rays. And, for medical reasons, individuals de-
liberately expose themselves to much greater radiation at
times. A conventional chest x-ray represents a dose of 1 to 3
roentgens per film; a chest fluorogram, 5 to 10 R; and a full
mouth x-ray, about 180 mR. It’s interesting to note that the
average anmual exposure of all Hanford-Oak Ridge workers
(0.2 R a vear) is less than the normal exposure to cosmic
ravs in mile-high Denver (0.5 R a vear). This proves that
man can protect himself from even high-level radiation
sources with proper precautions.”

“What’s the maximum radiation permitted a TV set?”

“Until recently, the Underwriters’ Laboratories standard
was a maximum of 2.5 mR per hour as measured at a point
5 c¢m from the receiver’s surfaces. As of September 1st, this
was lowered to (.5 mR per hour, as has been recommended
by the Nuational Council on Radiation Protection and Mea-
surements since 1960. This lower figure was also recom-
mended by the International Commission on Radiation Pro-
tection at that time.”

“What does RCA suggest the technician do to protect
himself and the viewer?”

“First, don’t modifyv the compartment and chassis enclos-
ing the high-voltage circuit. Keep the compartment in place
and the door closed when the set is operating. Make sure all
metal shields are in place. If one is missing, replace it as a
standard service procedure.

“Second, make it a standard operating practice on every
chassis you work on to run the brightness level up and down
with a meter on the high voltage to be certain that voltage
is being regulated correctly, And make darned sure vou use
an accurate and reliable high-voltage meter. Since we nor-
mally make high-voltage measurements much more rarely
than we do lower voltage measurements, the accuracy of the
meter or probe being used for such measurements could
drift off without our being aware of it.

“Third, do not adjust the high voltage beyond the rated
value for the particular chassis at the recommended line
voltage. As T said before, increasing this voltage increases
the x-radiation output.

“Fourth, when replacing a color picture tube, be eertain
to replace the magnetic shield which fits on the funnel of
some tube tvpes.”

“Those precautions all muke sense, but aren’t there other
kinds of electronic equipment that put out dangerous radia-
tion?”

“Yes indeedy! James G. Terrill, Director, Public Health
Service, National Center for Radiological Health, in giving
lestimony to a House committee listed many electronic
components operating at high voltage which may have the
potential to emit excessive radiation. His list included mag-
netrons and klvstrons with common accelerating voltages
between 20 and 50 kilovolts used in both industrial heating
and radio transmission, projection TV tubes, cathode-ray
tubes in oscilloscopes, Van de Graaff generators used com-
mercially for polvmerization of plastic, scientific toys that
generate high voltages, and the CR tubes used in computers.

“He went on to mention other devices that emit electro-
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tube for each decade counter indicates 0 to 9 pulses re-
ceived; on the tenth pulse, a “carrv” pulse is sent to the next
decade counter, and the indicator tube starts over from 0.
Therefore, at the end of the gate time, 1500 is displaved on
the readout tubes of the counter. The time the display is
held is nsually variable; after the display period has ended,
the control gate allows the next count sample to bedgin.

The maximum frequency that an electronic counter can
measure by direct counting methods is limited, but this val-
ue is increasing. In the late 1940’s, when the electronic conn-
ter was first developed, the upper frequency limit was 100
kHz. In the mid-fifties, 10-MHz counters became a reality.
Advances in gating and steering circuits and transistor
switching speeds have currently increased the frequency
measuring capabilitv of direct counting to 100 MHz. \Vith
this frequency as o practical and economical limit. for the
time being at least, three other techniques have been de-
vised to offer most of the advantages of electronic connting
for u.h.f. work.

Fig. 2 shows prescaling, the oldest metliod of the three.
Prescaling nethods make measurement of up to 400 MIHz
possible by dividing the frequency to be measured by two,
four, or other powers of two. Since the signal is not gated
before or during the division, frequency limitations of a
gating circuit are avoided. Another frequency limitation is
bypassed since the prescaler uses binarv division instead of
decade division. Decade dividing utilizes internal feedback
among four flip-flops to enable the divider assembly to
divide-by-ten instead of a normal 2', or 16. This feedback,
however, slows down the operation of the circnit and conse-
quently lowers the frequency limit of the decade divider.
Binary dividing circuits use no internal feedback. thus divi-
sion by a binary circuit is much faster than the divide-by-ten
action of a decade divider. The output of the prescaling
divider circuits is within the range of direct counting capa-
bilities.

Since prescaling divides the frequency to be measured by
a power of two, the gate of the counter must be left open a
fonger time to maintain the ratio of input trequency to gate
time. This is usually done automatically in the basic counter
by dividing the time-buse frequency bv the same power of
two by which the prescaler divides. The readout of the
counter is still in frequency units when this is done.

Heterodyne Frequeney Measurement

The counting frequency limit mav be extended to 3000
MHz or more by emploving heterodvning. This technique
mixes the frequency to be meuasured with another known
trequency to produce a difference frequency that lies within
the measurement range of the basic counter. For exaniple,
if the input frequency is 358.583 MHz it cannot be mea-
sured by direct counting methods. If the input frequency is
mixed with a precision 350-MHz signal, however, the differ-
ence frequency of 8.383 MIlz mav be measired by direct
methods. The imput frequency is then tound by adding the
known mixing frequency of 350 MHz to the counter display
of 8.583 MHz

The principles of heterodyning are illustrated in Fig. 3.
The main counter supplies a reference frequencyv of 1 or 10
MHz from its internal oscillator. A multiplier increases the
reference frequencyv by 100 or 10. Harmonics of this multi-
plied frequency are produced by a harmonic generator in
the heterodyne 1nit. The output of the harmonic generator
goes to a cavity tuning circuit which can be made to reso-
nate at the harmonic frequencies. A tvpical cavity of this
type produces an output of 100, 200, 300, 400, or 500 Mz
from a 1-NHz reference frequency. The mixing (harmonic)
frequency desired is selected by a mixing-frequency switch.
The input frequency is then combined with the mixing fre-
quency to produce a sum and difference frequency. The
output of the mixer goes to a bandpass filter which attenu-
ates the frequencies about 100 MHz. Thus, only a difference
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Fig. 4. Transfer oscillator uses phase-locking techniques.

frequency below 100 MHz is allowed to pass the filter with-
out appreciable attenuation. The difference-frequency out-
put is amplified and applied to the input of the basic coun-
ter to be measured by conventional methods. The presence
of a usable output from the amplifier is detected by a level
meter. The setting of the mixing-frequency switch and the
counter display when added together give the actual input
frequency.

One difficulty in the heterodvne method is that two fre-
quencies produce the same heterodvne frequency. If the
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Laboratory counter using a 15,000-MHz transfer oscillator
plug-in unit. Other plug-ins cover different frequencies.

mixing frequency is 300 MHz, for example, input frequen-
cies of 320 and 280 MHz both produce heterodyne differ-
ence frequencies of 20 MHz. It is not immediately obvious,
then, whether the counter display should be added to, or
subtracted from, the setting of the mixing-frequency switch.

When the approximate input frequency is not known, a
teclmique called complementing must be used. Comple-
menting requres that at least two measurements of an un-
known frequency he taken to eliminate the ambiguous result.
One measurement is made at the first mixing frequen-
¢v which produces an appreciable output on the level meter.
The mixing-frequency switch is then set to an adjacent set-
ting and the heterodvne frequency is again measured. If the
input frequency is between the two mixing frequencies, the
suin of the two heterodyne frequencies will be the mixing
frequency interval.

Assume that the input frequency is 320 MHz. Mixing fre-
aquencies of 300 and 400 MHz will produce heterodvne fre-
quencies of 20 and 80 MUz, respectively. The two hetero-
dvne frequencies add np to 100 MHz, the mixing frequency
interval. Therefore, 20 MIlz added to 300 MIz gives the
correct input frequency (or 80 subtracted from 400 MIz).

The difficultics of a count ambiguity and the extra effort
in measurements notwithstunding, heterodyne counting is
reliable and covers o greatly extended frequency range
compared to either direct counting or prescaling. The ac-
curacy of the measurement remains as good as direct count-
ing since the fundamental frequency used in generating the
mixing frequencies is the precision oscillator frequency of
the basic counter, and these are usually of very high quality.

Transfer Oscillators

The transfer oscillator method of wh.f. frequency mea-
surement is unlike either the prescaling or heterodyne meth-
ods. In the previous two, the input signal is converted to a
signal that is within the range of the basic counter. The
basic transfer oscillator technigue uses a separate low-fre-
quency oscillutor to generate harmonics which are compared
to the frequency to be measured. One of the harmonics is
zero-beat with the input signal by use of a CRT phase pat-
tern or andio beat note. The unknown input frequency is
then found by measuring the oscillator frequency by direct
methods and multiplying it by the harmonic number of the
zero-beating harmonic.

In a more sophisticated version of the transfer oscillator
principle, the difficulties in obtaining a precise zero-beat
are avoided by mixing a harmonic with the input frequency
to produce an intermediate {requency. The intermediate
lrequency is then used to lock the oscillutor harmonic to the
input, enubling a stable oscillator frequency.

Fig. 4 shows a typical transfer oscillator, usable from 100
Mz to 6 GHz. The oscillator in this case is variable from
40 to 60 MHz. The ontput of the oscillator goes to a harmon-
ic generator. The harmonic generator produces harmonics
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up to the 100th of the transfer oscillitor tundamental fre-
gnency. These harmonics are mixed with the input frequen-
¢v to produce various heterodyne frequencies. The oscillator
has two tuning modes, automatic or manual. In the auto-
matic mode, the oscillator is swept throngh its range by the
voltage output of a phase detector. As the oscillator is tuned
across its range, one of the harmonics will beat with the fre-
quency to be measured to produce a 10-MHz intermediate
lrequency. This i.f. is then amplified and applied to one of
the inputs of the phase detector. The other input to the
phase detector is a precision 1-MHz signal from the oscilla-
tor of the basic counter.

Anv difference in frequency between the two inputs is de-
tected and produces a corresponding change in the voltage
output of the phase detector. This voltage controls the fre-
quency of the transfer oscillator. As long as the i.f. frequency
and the 10-M1lz reference are equal in frequency, the oscil-
lator frequency does not vary. Should the if. deviate from
10 MHz, the transfer oscillator changes frequency to bring
the i.f. back to 10 MIIz. The phase detector “locks” one of
the harmonics of the transfer oscillator to the input frequen-
¢v. Phase lock is indicated by a light which illuminates
when a lock condition exists. When a lock condition is estub-
lished, the transfer oscillator frequency is meusured by the
basic counter. The input frequency is then determined by
the counter display multiplied by the harmonic number N
and added to or subtracted from 10 MHz.

If the approximate input frequency is not known, N may
be found by applving a simple relationship. At a phase-lock
condition, the input frequency is the oscillator frequency
times N plus or minus 10 MTlz.

If the oscillator frequency is increased so that another fre-
(uency causes phase lock, then the harmonic producing the
second phase lock will have a harmonic number one less
than the first, or f., = [f, X (N—1)] = 10 MHz. By setting
the terms on the right side of cach equation equal to each
other, N may be found to be = £, /(f, — f,)-

For example, if the frequency to be meusured is exactly
370 MHz, a phase lock will occur at a transfer oscillator fre-
quency of 40 MHz, when its 360-MHz ninth harmonic beats
with the input to produce the 10-MHz i.f. If the oscillator is
then tuned to 45 MHz, a eighth harmonic (360 MHz) pro-
duces another phase lock. The harmonic number is found
to be N = 45 MHz / (45 MHz — 40 MHz) = 9. The input
frequency is then 40 Miz times 9 plus 10 MHz or 370 MHz.
In actual practice, calculation of this tvpe is avoided by the
use of 1 nomogram or table supplied with the transfer oscil-
lator plug-in.

Most transfer oscillators also include a means of expand-
ing the signal gate of the basic counter so that the input fre-
quency will be indicated on the digital display of the coun-
ter directly, without conversion. When N is determined by
nomogrim, it is set on two thumbwheel switches on the
face of the plug-in and control the time-base divider cir-
cuits. For a harmonic number of 9 and an input frequency
of 370 MIlz, for example, 09 is set on the thumbwheel
switches and the divider circuits divide the basic counter
time-base frequency (or increase the time buse) by nine.
This means that the signal gate of the counter will be open
nine times as long as before the division. The counter then
reads 360 MHz instead of 40 MHz, the transfer oscillator
frequency. 10 MHz is added to the display as before to
vield 370 MHz, the input frequency.

The transfer oscillator may include a second frequency
range that makes measurements up to 15 GHz possible. In
many cases the consequent increase in the transfer oscillator
frequency range may necessitate using a combination of the
transfer oscillator and hetevodvne measurement techniques.
The accuracy of the transfer oscillator method is dependent
upon the stability of the oscillator in the assembly; with- the
phase-lock teclmicque, however, an accuracy of 3 parts in
107, or 300 Hz in 1000 MHz is possible. A
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Which miniature electrolytics
for transistorized AM-FM radios ?

o

B i—

MTA aluminum electrolytic

TAS solid tantalum

-
4
-

TAP wet slug tantalum

€ oo

TLS wet slug tantalum

MTP wet siug tantalum

The new portable AM-FM radios are so compact you
wonder how they get all those components into that little
box. You wonder even more when you have (o replace
some of the parts.

Electrolytic capacitors, for example. The original elec-
trolytic usually turns out to be a tiny thing jammed in
among a dozen other midget gidgets. Getting it out is a
trick in itself. Getting a suitable replacement is even
tougher! And unfortunately, you're apt to need replace-
ments, because many of these tiny capacitors just aren’t
much good. They don’t meet the quality spees of good
domestic capacitor makers. But high quality domestic
capacitors are often just a bit too big to fit in the
space available.

What’s the answer? Search the town for another “little-
bitty”” original capacitor? Tell your customer you can’t
finish the job?

Don’t give up. We have a few suggestions.

First, try a Mallory TT aluminum electrolytie. This is a
real quality capacitor, rated 85°C, and iU’s pretty doggone
small. Or a Mallory MTA, a revolutionary molded case
aluminum electrolytic with excellent quality at low-
low price.

If neither of these will fit, try a Mallory tantalum capac-
itor. The TAS solid tantalum is about the same size as
the TT, but it’s rated 125°C. Need still smaller size?
Take a look at the Mallory “wet slug” tantalum types
TAP and TLS—and the super-miniature MTP, which
gives you the most microfarads in the smallest size of
anything on the market. The pictures at the left show you
comparative sizes, all for a 10 mfd, 256 WVDC rating.

Sure, you'll pay a little more for the tantalum capacitor.
But not as much as you might think. The TAT only costs
42¢ more than the T7T, in the rating shown. And you get
the utmost in reliability.

We certainly don’t expect you to use a tantalum capacitor
to replace every aluminum electrolytic. But they come
in mighty handy sometimes. And you can get them when
you need them from your Mallory Distributor. Ask him
for our latest catalog, or write to Mallory Diswibutor
Products Company, a division of P. R. Mallory & Co. Inec.,
Indianapolis, Indiana 46206.

DON'T FORGET TO ASK 'EM ~2Wtat else needs fixing?

November, 1967
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tronics, and advanced aerospace
research.
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grams leading to these degrees in
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4 years—Bachelor of Science

Also get facts about scholarships and
financial aids, job placement and
other student services, plus photo-
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For your copy, just mail
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I'm interested in

[ Electrical fields [1 Mechanical fields
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magnetic radiation that might create
biological effccts: ovens producing mi-
crowaves for cooking; radar used in
boat navigation and available for small
boats; ultraviolet-light-producing lamps
used in greenhouses, welding arcs, ger-
micidal lamps, and sun lamps; infrared
industrial drving lamps such as those
used in the automobile industry; and
infrared cooking grills, e stressed that
there is too little known ahout possible
radiation effects from these devices.”

“Yeal, and many devices that can be
used safely by someone who knows
what he is doing can become dangerous
in inexpert hands,” Barney added. I
remember reading recently that a 1961
survey of 3600 x-ray units in New York
City found 92% defective. A 1963
study of x-ray machines by the Florida
Board of Health found 42% below
state standards. And it was said that
many of the people who operate these
machines are poorly trained. In many
states, almost anyone can become an
x-ray operator without formal prepara-
tion. Dr. Granville Larimore of New
York’s Healthh Department warns that
an unskilled operator can expose a pa-
tient to as much as 100 to 200 times the
necessary amount of radiation. This is
trye in spite of the fact that the Ouk
Ridge National Laboratory has proved
conclusively that lower dosages result
in belter pictures.”

“This is all part of man’s growing un-

[ easiness about the heedless way we've

been fouling up our environment—wa-
ter, air, and now our radiation back-
ground,” Mac said thoughtfully, “We're
bound to be hearing and reading much
more about this in the future; so we
may as well equip ourselves with the
proper vocabulary. Tve jotted down
some of the words certain to crop up in
any serious discussion of radiation,” he
said, pulling a slip of paper from his

pocket.
“There are two kinds of radiation
measurement: one a measure of the

strength of the source and the other a
measure of the dose received by an
irradiated object or person,” he went

“The unit of activity of a radiouc-
tive source is the curie (Ci), and it in-
dicates that the source is undergoing
3700 > 10 disintegrations per second.
This is about the activity of one gram of
pure radium. Smaller units, of course,
are the millicuric (mCi) and the micro-
curic (pCi).

“The roentgen (R) is the unit of
dosuge. It's defined as the quantity of
x- or gamma radiation that produces
under ideal conditions in one cm® of air
at 0°C and 760 mm of mercury pres-
sure jonization of either sign equal to
one electrostatic unit of charge. The
roentgen is the unit of total dose in
terms of energy and does not refer to
the rate at which radiation is absorbed.
But it’s clear a dose that could be tol-
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erated when spread over a lifetime
might well be fatal if absorbed in a few
seconds; so we need a concept of dose-
rate, expressed as roentgens per week,
milliroentgens per hour, etc. The num-
ber of ion pairs produced by one roent-
gen in air is given as 1.61 X 1012, This
is equivalent to 83.7 ergs or, if animal
tissue is substituted for air, to 93.1 ergs.

“Another unit of dose, the rad, has
recently heen adopted. 1t’s the amount
of radiation which produces 100 ergs
per gram of absorbing material and is
the same for any radiation: alpha, beta,
gaimina, or x-rays, protons or neutrons:
but the biological effect in man depends
on the kind of radiation. Therefore, it's
necessary in some cases to multiply the
dose by the relative biological effec-
ticeness (RBE) of the particular radia-
tion. The RBE of gamma rays of radi-
um, x-rays from 0.1 to 3.0 MeV, and
beta rays is unity; that of fast protons
and fast neutrons of energy not less
than 2 MeV is 10; and that of alpha
radiation is 20,

“The roentgen-equivalent-man, or
rem, is the unit of dose of radiation ab-
sorbed by man. 1t is not a precise unit
and is given by the relation: dose in
rems — dose in rads X RBE.”

“Well,” Barney said as he stood up
and stretched lazily, “after hearing all
this I shall not be at all surprised if 1
glow in the dark after I go home from a
hard day here in the shop. Seriously,
I'm taking this all to heart und fully in-
tend to guard myself against unneces-
sary radiation to the best of my ability.
I don’t like that business about the ex-
perts revising downwards their idea of
what constitutes a dose of harmful
radiation. Maybe one of these days
they’ll be third- -guessing  that second-
guess, and I want to be one jump ahead
of them if I can!” A

(Editor’s Note: For additional com-
ments on this important topic, refer to
“Reflections on the News” on page 18
of this issuc.)

<
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FINCO MODEL #65-4

Antenna Amplifier
$47.95 list VHF-TV
Two-transistor Antenna
Amplifier for 75 OHM
Downlead, and power
supply with built-in
single or dual 300 ohm

outputs. Provides 12

dB gain in the low band

For perfect color TV and LG i
FM Stereo Reception

FINCO MODEL #65-1 FINCO MODEL #65-5
Distribution Amplifier Distribution Amplifier
$29.95 list 2-tube 4- $44.95 list VHF-TV 75
output VHF-TV or FM OHM Single Outlet Dis-
Distribution Amptifier tribution Amplified for
for 300 OHM Opera- deluxe home or com-
tion. providing 8 dB mercial use to feed
gain at each 300 ohm multiple sets through
output to feed home or line tap offs or split-
commercial systems. ters. Delivers 17 dB
Low Band and 14 dB
High Band.

FINCO MODEL #65-2 FINCO MODEL #65-6

Distribution Amplifier Amplifiers $79.95 list.
$39.95 list 2-tube 4- VHF-TV Antenna Mount-
output VHF-TV or FM ed two-transistor pre-
Distribution Amplifier amplifier with 75 OHM
for 75 OHM CO-AX two-tube Single Output
Operation, providing 6 Distribution Post-am-
dB gain at each 75 ohm plifier up to 30 dB gain
output to feed deluxe for improved reception,
home or commercial Used in home or com-
systems. mercial installations to

feed multiple sets.

, FINCO MODEL #65-3 FINCO MODEL #65-7
Antenna Amplifier FM Signal Amplifier
$44.95 list New VHF- $24.95 list. One-tran-
TV Antenna Amplifier sistor Indoor Behind-
and Power Supply with the-set FM amplifier
built in single or dual with a passive filter in-
outputs to improve re- put circuit to reject sig-
ception of weak signals nals outside the FM
in fringe areas. Pro- band which cause in-
vides 12 dB gain in the terference. Delivers 20
low band and 14 dB dB Gain.

gain in the high band.

Sets “COME ALIVE” with Frem

J ;;/ COLOR 7]
Brilliant Sound and Color FINCC
A Finco high-gain, low-noise amplifier Q&T_@_@E“‘\
will bring in the sharpest COLOR or Write for Color Brochure #20-411.

B & W TV picture and the finest sound! THE FINNEY COMPANY

34 W. Interstate Street « Dept, 410 » Bedford, Ohio 44146

All FINCO Products are Engineered
For Color!
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WIDE-RANGE
ELECTRONIC TIMER

BY GENE L. JACKSON/ sr. Aerosystems Engr., General Dynamics

This junction FET device can provide accurately timed
output periods from one second to over five minutes.

HE heart of most solid-state timers

is an RC circuit. These timers op-
crate on the principle that the time
required for a charged capacitor to dis-
charge depends directlv upon the val-
ues of resistance and capacitance. The
amplifier circuit in such a device should
present as high an impedance us pos-
sible so that the discharge time of the
circuit is not affected by the amplifier
it controls. The FET with its very high
input impedance is uniquely qualified
for this upplication.

The basic principles of the timer de-
seribed in this article are illustrated by
the basic circuit of Fig. 1. With switch
S1 in the “Set” position, the FET is in
a conducting mode and the current
through it is limited onlv by the char-
acteristics of the device and the value
of drain resistor R2. With normal com-
ponent values, the output (drain) volt-
age will be approximately one volt
above ground reference.

With switch S1 in the “Set” position,
the capacitor will charge to the value of
BL. \When the switch is placed in the
“Time” position, the capacitor will be-
gin to discharge through resistor RI1.
The voltage drop across Rl causes a
negative potential to be produced at
the gate of Q1 that will cut off the FET.
Because IFET amplifiers are voltage-
controlled, no current flows in the gate
cireuit, thus allowing the RC circuit to
operate as though it were an isolated
circuit. To cut off Q1, the potential of
Bl must be luger than the pinch-off
voltage of the FET. (The pinch-off
voltage is that voltage necessary to stop
conduction of Q1.) As soon as the volt-
age across the capacitor decreases lo
below the FET pinch-off voltage level,
conduction will again occur in the drain
circuit of the FET. The cvcle can now
be repeated by momentarily placing S1
in the “Set” position and then returning
it to the “Time” position.

A second amplifier is usually neces-
sarv to provide sufficient power ampli-
fication to operate a relay or other con-

trol device. Referring to the circuit of

Fig. 1, transistor Q2 will be at or near
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cut-off when Q1 is conducting. When
Q1 is cut off by the actuation of S1 as
described in the preceding paragraphs,
the drain of Q1 will move in a positive
direction. This provides forward bias
for Q2 and drives it into conduction
with the resulting power and current
amplification at the collector of Q2
(across resistor R, ).

To provide additional power anpli-
Reation and to ensure quick, positive
action of the timer, the amplifier cir-
cuit shown in Fig. 2 mav be wused.
Transistors Q2 und Q3 are emploved
in what is called a “compound”-con-
nected wmplifier or Darlington circuit.
The two trunsistors tunction like a sin-
gle transistor in that there is one ex-
ternal base, emitter, and collector con-
nection. The main advantage of this
tvpe of circuit is an extremely high

current gain. If the current gain of
either Q2 or Q3 is denoted by /iy

(I./1,), the current gain of this circuit
is expressed as hpp + 2N, When this
circuit is used in place of Q2 in Fig. 1,
a larger valued drain resistor can be em-
ployed, which results in niore positive
action of the timer relav.

Utilizing the features previously de-
scribed, the complete timer circuit ol
Fig. 2 mav be constructed. A one-
megolm linear potentiometer is used
in place of Rl in the previous circuit so
that the RC time can be varied and
thus the time interval of the device
adjusted accordingly.

Resistor R4, a current limiter, is used

The basic timing circuit uses
text.

Fig. 1.

o field-effect transistor. See

DRAIN
sovrce @2

Q
:Jj“ c SRl
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to prevent possible damage to the tim-
ing capacitor during its charge or dis-
charge. Resistor R3 is also a current-
limiting resistor that aids in protecting
the transistor amplifiers or the relay
against possible harm if one of these
components should become damaged
or inadvertently shorted. Diode D1 is
an arc-suppressing diode across the re-
lay which permits longer relay life and
prevents relay “chatter” when the timer
is used for longer time-intervals.

With S2 in the position shown and
S1 at “Set”, timing capacitor C1 will
charge to 13.5 volts with the indicated
polarity. FET Q1 is at saturation and
its drain voltage is approximately one
volt. This is less than the voltage re-
quired to turn on Q2 and Q3 (Vg
of Q2 plus Vi of Q3). Therefore,
Q1 is the only transistor drawing cur-
rent until the timer is actuated.

In a manner similar to the action
previously described, when S1 is placed
in the “Time” position, C1 begins to
discharge through R1, cutting off Ql.
This turns the compound-connected
amplifier on, and the resulting collector
current energizes relay K1.

Variable resistor R1 allows the use of
a pointer and calibrated scale so that
this control may be set for any time-
interval operation within the range of
the components in the RC circuit.
Using the parts listed in Fig. 2, time
intervals up to and slightly above 30
seconds may be obtained with S2 in
the X1 position.

The versatility of the device is great-
ly increased by the use of S2 and a
second timing capacitor. With S2 in the
%10 position, a 100-pF capacitor is
operating in the circuit in place of the
10-uF capacitor. Because the time in-
terval of the device is directly propor-

Fig. 2. Schematic diagram and parts list for the electronic timer.

tional to the capacitance, using the
100-pF capacitor will give time inter-
vals that are ten times greater than
those obtained with S2 in the x 1 posi-
tion. Therefore, the time scale of the
dial (associated with R1) may be used
for both pesitions of S2. It is not par-
ticularly important that the timing ca-
pacitors be exactly 10 and 100 uF, but
the larger capacitor must be precisely
ten times the capacitance of the smaller
capacitor (10:1 ratio) if the same dial
scale is to be used for both ranges. An-
other possibility is to employ smaller
capacitors in parallel with one of the
timing capacitors and thus obtain the
desired capacitance ratio in this way.

For best timer operation, it is im-
portant that the capacitors used have a
very low leakage current. If electro-
lytic capacitors are employed, it may

be desirable to “age” them by applying |

a voltage source across the terminals of
the capacitor for a few hours. The volt-
age should be between the value used
in the circuit and the voltage rating of
the capacitor. Of course, the correct
polarity must be maintained across the
capacitors at all times.

There are many combinations of ca-
pacitance and resistance that may be
used in the RC circuit. For particular
applications, values other than those
given might be more useful. It would
also be practical to have more than
two ranges if desired. Capacitor values
above 100 uF can be used if the leak-
age current is low. Relays other than
the one shown could also be used.

The device draws approximately 75
mA during the actual timing interval,
with the current dropping to 0.5 mA
between the timing intervals. Because
of this low current drain, the timer is
well-suited for battery operation. A

+ 13.5V

| |

R1—1 megohm linear-taper pot
R2—-27,000 ohm, 14 W res. = 10%
R3—12 ohm, V4 W res. + 10%
R4—100 ohm, 14 Y res. = 10%
C1—-10 pF, 15 V capacitor
C2—100 ¢F, 15 V capacitor

November, 1967

S1—D.p.d.t. switch

$2—S.p.d.t. switch

D1—1N457 or equiv.

K1-D.p.d.t., 12 V d.c.. 150 ohm relay
(Allied Radio #41A4658)

Q1—2N3819 FET

Q2, Q3—2N3704 transistor
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ALL FINE WIRES
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plers and snins, 100
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without cutters; deagonal, needle
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' In Canada contact Charies W. Pointon, Ltd.
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Temperature
Monitor

By SILOM HORWITZ

Complete design details for a general utility
temperature indicator sensitive to one-half
degree, and having very rapid response time.

built for less than the cost of a conventional precision

laboratory thermometer. Here, “extremely accurate”
means not only sensitive to half-degree variations, but also
having very rapid response time.

It is all possible with a low-cost thermistor coupled to a
simple bridge circuit. The advantage of the bridge is that it
is not affected by voltage variations so that an inexpensive
unregulated power source (1%-volt flashlight battery) does
the job.

Referring to Fig. 1, note that fixed resistors R2 and R5
make up the constant legs of the bridge, with R3 and R4
balancing out the changing resistance of the thermistor
(R1) as it reacts to temperature variations. As all legs of the
bridge will react identically regardless of voltage (at 1.5
volts, current through the device is approximately 400
microamperes), the voltage of the source does not affect
the reading. As the battery ages, the swing of the meter be-
comes less and less until it is hard to read the zero, or null,
position. Then it is about time to change the battery, which
will restore the swing without affecting the calibration.

THIS extremely accurate temperature indicator can be

Construction

Building the temperature monitor is straightforward. For
the highest accuracy, precision film resistors should be used
for R2, R3, and R5, not because of circuit requirements but
because they are not as temperature-sensitive as wire or
carbon types. This is important only if the instrument will
be located where there are wide variations in ambient tem-
perature. Exact matching of R2 and R5 is not vital because
of the manner in which R4 is connected. The switch (S)
should be separate, as shown, and not included on R4 so
that the current can be turned “on” and “off” to precisely
locate the null for very accurate readings.

A “Minibox” or plastic instrument box just large enough to
house the meter and permit sufficient separation of the cali-
bration markings is all that is necessary (Fig. 2). Of course,
for extreme precision, as large a panel and dial as required
for the separation may be used.

Fig. 1. Schematic and parts list for the temperature monitor.

R1-2000 ohm at 25°C thermistor
(Fenwal GB32P2) ..J
3

R2, R5—1500 ohm, V2 >
watt res. (See text) 3

R3—-1200 ohm, Y2 wau le!lr
res. (see text) £

R4—1000 ohm variable, P
linear taper pot. (see
text)

M—100-0-100 microammeter (Lafay-
ette 99-5034 or equiv.)

B—1.5 volt dry cell

§—S.p.s.t. toggle switch

J—Two connection plug and socket

J +

R2 RS 1]

AAAAAAA

AAAAAA,
e,
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Fig. 2. Front view of the temperature monitor. Te convert
temperature in °C to °F, multiply by 9/5 and add 32 degrees.

The values given for the components are suitable for the
thermistor recommended, to cover the range from 15° C
(59° F) to 38° C (100° F). Modifications can easily be
made to accommodate a thermistor of a different value or to
read a different temperature range. The resistance of R3
should be about 10% less than the resistance of the thermis-
tor (R1) at the highest temperature to be read. The total
resistance of R3 and R4 should be slightly greater than the
resistance of R1 at the lowest temperature to be read. Re-
sistors R2 and R5 should be approximately the same value
and, with the other legs of the bridge, should provide twice
the current needed by the meter for full swing of the needle
in both directions. Care must be taken, if the circuit is modi-
fied, not to increase the current to the point where the
thermistor will produce heat rather than sense it.

Calibration

For calibration, a conventional thermometer equal to the
precision desired for the temperature monitor must be
used. Household thermometers are not satisfactory. A pho-
tographer friend may be able to provide a suitable one, or
perhaps one may be borrowed from a scientific laboratory.

If no modifications have been made to the circuit, ordi-
nary tap water may be used as the calibration medium. Fill
a container with water of the lowest temperature (13° C or
59° F for the components given), carefully monitoring the
temperature by means of the calibration thermometer. The
calibration thermometer should be immersed at least two or
three minutes to become stabilized. (The thermistor is al-
most instantaneously responsive in water, so it does not re-
quire time to stabilize.) Immerse the thermistor, being
careful to keep the leads dry, and balance the meter to the
null position by adjusting R4. Mark the position of the knob
pointer with a decal line or piece of narrow plastic tape.
Repeat for each temperature. After completing all the cali-
bration points, recheck by repeating several temperatures.

Each thermistor has slightly different resistance vs tem-
perature characteristics so that if accuracy is desired, the
instrument must be specifically calibrated to the thermistor
used. For interchangeability, the more expensive calibrated
thermistors must be used.

The temperature monitor can be used like any thermom-
eter, but the small size of the sensing element and possi-
bility of remote operation makes it much more versatile.

The thermistor can be cemented within a plastic tube
with just the tip protruding. This can be inserted into the
mouth for instant indication of body temperature, or it can
be mounted outside the house with the readout inside. Use
is limited only by the imagination. Lead length is not criti-
cal up to 50 feet. However, in all applications, be sure to
waterproof the leads (epoxy cement is ideal) as moisture
will lower the resistance and produce false readings. A

ELECTRONICS WORLD
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Thousands

of well paid
jobs for

men skilled

in electronics
are unfilled now

RCA INSTITUTES CAN TRAIN YOU
—AT HOME—AND HELP YOU
QUALIFY FOR JOBS LIKE THESE!

Every Sunday—and most week days
—you will find The New York Times,
The Houston Chronicle, The Los
Angeles Times and many, many
other newspapers cram-full of ads
like these. Actively seeking qualified
men for jobs in electronics and re-
lated fields.

ﬁany of the men who coul/d qualify
for these jobs—well paid jobs—that
is, men with the aptitude and native
interest to enjoy a career in elec-
tronics —are handicapped because
for one reason or another they have
not had the opportunity to train
“themselves for jobs like these.

NOW—-THANKS TO RCA
INSTITUTES HOME STUDY—.
YOU CAN TRAIN FOR A
CAREER IN ELECTRONICS

Realizing that thousands of techni-
cal jobs—well paid jobs—in elec-
tronics are or will be available, RCA
Institutes has done something posi-
tive about the problem. To help sin-
cerely interested men to get started
foward a well-paid electronics job,
RCA offers an ideal home training
program!

HOME STUDY CAN PROVIDE
CAREER OPPORTUNITIES!

To help meet the need for qualified
men in the electronics field, RCA In
sfitutas has created a wide variety
of Home Training Courses, all geared
lo a profitable, exciting electronics
career in the shortest possible time.

Includer: are exclusive ‘‘Career Pro-

arams’' designed to train you quickly
for 1he job you want! Your study pro-
gram is supervised by RCA Instituies
gxperts wha work with you, help

Acciediled Member Mational Homea Study Courncil

Novamber, 1967

guide you over any ‘‘rough spots”
that may develop along the way.

OFF TO A FLYING START
WITH AMAZING RCA
“AUTOTEXT"” METHOD

Each ‘““Career Program’' starts with
the amazing ““AUTOTEXT' Pro-
grammed Instruction Method — the
new, faster way that's almost auto-
matic! “AUTOTEXT"” helps even
those who have had trouble with
conventional learning methods in
the past. It is truly the “Space Age"”
way to learn everything you need to
know with the least amount of time
and effort.

RCA INSTITUTES ENGINEERED
KITS SPEED YOUR PROGRESS

To speed you on your way to a suc-
cessful electronics career, your
“Career Program’ will include a va-
riety of RCA Institutes engineered
kits at no extra cost—each complete
in itself. As a bonus, you will also
receive and build a valuable Oscillo-
scope. You'll get the new Pro-
grammed Electronics Breadboard
for limitless experiments, including
building a working signal generator
and a fully transistorized superheter-
odyne AM receiver and Multimeter.

CHOOSE YOUR CAREER
PROGRAM NOW

To get started today on the electron-
ics career of your choice, ook over
this list of RCA Institutes “‘Career
Programs', pick the one that ap-
peals most to you, and check it off
on the attached card:

m Television Servicing

m Telecommunications

m FCC License Preparation
® Automation Electronics

m Automatic Controls

m Digital Techniques

® |ndustrial Electronics

® Nuclear Instrumentation
m Solid State Electronics

m Electronics Drafting

*-

To meet other specific needs, RCA
Institutes also offers a wide variety
of separate courses which may be
taken separately from the “Career
Programs'. Those range from Elec-
tronics Fundamentals to Computer
Programming. They are described
in the material you receive.

ADVANCED TRAINING TOO

If you are already working in elec-
tronics or have some experience but
want to move on up, you may start
RCA Institutes training at an ad-
vanced level. No tedious repetition
of work you already know!

UNIQUE TUITION PLAN

With RCA Institutes, you learn at
your own pace, and you pay only as
you learn. There are no long term
contracts to sign . . . no staggering
down-payments to lose if you decide
to stop...no badgering bills. You pay
for lessons only as you order them,
and should you decide to interrupt
your training at any point, you may
do so and not owe one cent.

CLASSROOM TRAINING
AVAILABLE

RCA Institutes Resident School is
one of the largest schools of its kind
in New York City with classroom and
laboratory training available in day
or evening sessions. Coeducational
classes start four times a year. Just
check “Classroom Training” on the
attached card for more, details.

JOB PLACEMENT SERVICE, TOO!
Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westinghouse, and major
Radio & TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID
CARD TODAY FOR COMPLETE
INFORMATION. NO OBLIGATION

ALL RCA INSTITUTES COURSES
| AVAILABLE UNDER NEW Gl BILL.

RCA INSTITUTES, nc., Dept. EW-N7
350 Wast 4th Street, -
New York.N.Y. 10014

. The Most Trusted Name in §Iectronics

®
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FROM HiFi STEREO REVIEW

DELUXE
PADDED

DUST-PROOF RECORD
AND TAPE CASES

plus FREE cataloging forms

| T

These decorative, yet sturdily con-
structed cases are just what you've

been /ﬂﬂklﬂy for keep your records and
tapes from getting tossed about and damaged,
disappearing when you want them most and just
generally getting the ‘‘worst of it'' from constant
handling. They're ideal too for those valuable
old "'78's’" that always seem to get thrown
about with no place to go.

Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of nine dec-
orator colors, the HIFI/STEREO REVIEW Record
and Tape Cases lend themselves handsomely to
the decor of any room, whether it be your library,
study, den, music room or pine-paneled garage.
The padded leatherette back (in your color
choice) is gold tooled in an exclusive design
available only on HIFI/STEREO REVIEW Record
and Tape Cases. The sides are in standard black
leatherette to keep them looking new after con-

stant use. With each Record and Tape Case you
Exﬂ,a order you will receive, free of charge,
e

a specially designed record and tape
cataloging form with pressure-sensi-
tive backing for affixing to the side of
each case. It enables you to list the
record names and artists and will prove
an invaluable aid in helping you locate
your albums. The catalog form can be
| removed from the side of the case at
any time without damaging the leath-
erette.

Record Cases are available in three sizes: for 77,
10” and 12” records. Each case, with a center
divider that separates your records for easy acces.
sibility, holds an average of 20 records in their
original jackets. The Recording Tape Case holds
6 tapes in their original boxes.
® The Tape Cases and the 7” Record Cases (with
catalog forms) are only $3.25 each; 3 for $9;
6 for $17.
® The 10” and 12” Record Cases (with catalog
forms) are $3.50 each; 3 for $10; 6 for $19.
Add an additional 75c¢ per order (regardless

of number of cases ordered) for shipping and
handling.

Ziff-Davis Publishing Company, Dept. SD
One Park Avenue, New York, N. Y. 10016
My remittance in the amount of $
is enclosed for the Cases indicated below.
Quantity
- Tape Case at $3.25 each; 3 for
$9; 6 for $17.
7" Record Case at $3.25 each;
3 for $9; 6 for $17.
10” Record Case at $3.50 each;
3 for $10; 6 for $19.
12” Record Case at $3.50 each;
3 for $10; 6 for $19.
Add 75¢ PER ORDER for SHIPPING and HANDLING
Check color choice for back of case (sides in
black only):
{7 Midnight Blue
{7 Pine Green
) Grey

Name
Address

City State Zip Code
mm PAYMENT MUST BE ENCLOSED WITH ORDER
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[ Red
[ Orange
[ Black

[ Saddie Tan
[ Yellow
[ Spice Brown

EW.117

TV NEWS

’Aseries ol laser tests with satellites
‘ has been started by NASA and
}the French space agency, Centre Na-
tional Des Etudes Spatiales (CNES)
|which may lead to the location of
| points on earth to within 10 ¢m, 4 in.
l [nitial tests of laser trackers have
been so snccessful that the scientists
| feel it may soon be possible to prove
or disprove the theory of continental
| drift by using a triangulation technique
to determine the movement of conti-
| nents relative to one another. It is be-
lieved that Africa is moving a few
inches a year away from South Amer-
ica.

:European Color-TV Booms

| With West Germany now in the
ranks of color-TV-dom, EMI Electron-
lics of England has announced that
| early in this year they had passed the
million-pound mark for color-TV equip-
| ment and since that time have received
additional orders bringing the present
total value to over 2 million pounds.
The orders have been coming in from
‘Europe and the United Kingdom.
The company’s transmitting equip-
ment, designed to both American and
| European TV standards, includes cam-
eras, slide scanners, video mixing and

switching equnipment, encoders, decod-

ers, vertical uperture correctors, and

other equipment. The boom is on!

EIA Favors HELP Channel

The Electronic Industries Association
has thrown its weight behind the cur-
rent camnpaign to have the FCC desig-
nate CB channel 9 for highway assist-
ance and information communications.

The FCC commended the ElA for
“its constructive and cooperative atti-
tude” but intimated that its decision is
still in the future.

IC Unit Sales up 125%

In the first quarter of this year, U.S.
manufacturers sold $64.3 mnillion worth
of semiconductor integrated circuits, a
52% increase in dollar value from the
same period last year but a 125% rise
in volume, due to the 32% decline in
average values.

Analog ICs amounted to nearly 2
million units in the first quarter while
digital types reached 14.2 million.

Low-Cost Portable Computer

AM. Lock and Co. of England re-
cently unveiled a low-cost, portable
computer designed for teaching.

As demonstrated at the 1SA Instru-

Science Fiction’.

and Electronic Technician.

unseated.

DEATH OF TWO ELECTRONICS PUBLISHING PIONEERS

WO of the electronics publishing industry’s pioneers died with-
in ten days of each other in August. Hugo Gernsback, 83, who
founded this magazine in 1918 and was editor-in-chief of Radio-
Electronics when he died, was also known as the ‘‘Father of Modern

Dr. Orestes S. Caldwell, who was co-founder and editor of Elec-
tronics, Radio Retailing, and Electrical Merchandising during his
association with McGraw-Hill, died at the age of 79. He and an
associate, Maurice Clements, formed their own publishing com-
pany in 1935 and established the magazines Electronic Industries

Both men made a far greater impact on the industry than just
as publishers and editors. Mr. Gernsback was also an inventor and
sponsored New York’s first television broadcast in 1928. Dr. Cald-
well, as member of President Coolidge’s Radio Commission in
1927 (predecessor of the FCC), helped to assign frequencies in
the radio spectrum and, as the only engineer on the Commission,
was the target of a long and acrimonious campaign to have him

In the deaths of Mr. Gernsback and Dr. Caldwell, the electronics
industry has lost two dedicated men who through the years have
given much of themselves to advance the cause of scientific in-
quiry and progress. They will be sorely missed.

www.americanradiohistorv.com
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No dealer stocks
everything.

No salesman knows
everything.

COMPLETE KUY E RS GULE

STERED_ HI-FI™
DIRECTORY

w15

But the ‘
1968 «

STEREO/HI-F
DIRECTORY does!

It's a giant 182 page buyer’s guide to virtually
every new audio component on the market today.
Over 1600 products in all! From amplifiers to
complete hi-fi systems to tape cartridge record-
ers and players for your home, car and boat. All
the latest offerings from 176 manufacturers are
fully detailed and illustrated for your '‘shop-at-
home' convenience.

Every technical specification, dimension, special
feature, optional accessory, price and model
number is at your fingertips—to help you com-
pare similar items, feature for feature, dollar for
dollar and decide which is best for you. Before
you buy!

Forget the guesswork, costly mistakes, store-to-
store treks and ‘'after-you-get-it-home’ disap-
pointments. With the 1968 STEREO/HI-FI DIREC-
TORY as your guide, you'll zero-in on the
equipment you want, buy it with confidence—
and know you're getting the greatest value for
your money.

The price for this valuable '‘encyclopedia” of
hi-fi information? Just $1.25. A small invest-
ment, indeed, for such an essential component
of your listening enjoyment. So don't delay. Use
the coupon below to order your copy of the 1968
STEREO/HI-FI DIRECTORY today!

CONTENTS INCLUDE

Special 8-page section on: ® How to choose
components ® How to compare prices, features
specifications ® Exclusive state-of-the-art report
on componentry @ PLUS an incisive analysis of
the controversial 8 track, 4 track and cassette
tape cartridges. . . . Comments and clues on
\;vr;ich design holds the most promise for the
uture.

Individual directories for amplifiers / changers
/ turntables / cartridges and tonearms / re-
ceivers/tuners/tape machines (including video
recorders and cartridge units) / speakers / inte-
grated systems / antennas / microphones /
cabinets.

The 1968 STEREQ/HI-FI DIRECTORY is available i
a splendid” deluxe edition. Rugged Leatherflex cover
provides lasting protection yet is softly textured and
gold-embossed for the look of elegance. A collector's
item—a superb addition to your permanent reference
library. Just $3 postpaid.

ZIFF-DAVIS SERVICE DIVISION - DEPT. SD
595 Broadway * New York, N. Y. 10012
YES: Send me the new 1968 STEREO/HI-FI DIREC-
TORY as checked below:

[ $1.25 enclosed, plus 15¢ for shipping and han-
dling. Send me the regular edition, ($1.75 for
orders outside the U.S.A.)

[ $3.00 enclosed. Send me the Deluxe Leatherflex-
bound edition, postpaid. ($3.75 for orders outside

the U.S.A) Allow three additional weeks for de-
livery.

print name EW-117

address

city

state zip code
PAYMENT MUST BE ENCLOSED WITH ORDER

November, 1967

ment Automation Conference in Chi-
cago, the “Teachaid” is capable of solv-
ing up to third-order differential equa-
tions. It can also tackle differential
equations of a much higher order,
when using more advanced techniques.

Transistorized and weighing less than
10 Ibs., maximum voltage is a safe 12
volts.

Doubling Audio ‘"Reading’’ Speed

According to the Medical Electronics
Research Institute in Phoenix, blind peo-
ple can be trained to understand tape
recorded voices when plaved back at
twice the recorded speed. Modifications
of voice recorders offer promise of dou-
bling the audio “reading” specd of the
visually handicapped.

According to Dr. John W. Hudson,
blind professor of sociology at Arizona
State University who directed the re-|
corder improvement, understanding the
speeded-up speech can be frustrating to
beginners. However, he claims that with
continued training and experimentation
with graduallv increased voice play-|
back speed, complete understanding can
be achieved. The program is under the |
aegis of the Public Health Service’s Na- |
tional Center for Chronic Discase Con-
trol.

Problem-Solving Made Easy ‘
Dr. Donald Knuth, a 29-year-old as-
sociate professor of mathematics at Cal
Tech, got tired of exploring fruitless
avenues in problem-solving and trained
an IBM 7094 computer to deduce the
maximum number of consequences
from any given set of algebraic axioms. |
Although computers have been used
in scmewhat similar wavs to study math |
logic and artificial intelligence in the|
pust, Knuth is, as far as he knows, the
only mathematician currently program-
ming systematic procedures for efli-
ciently dealing with algebraic axioms.

“For Internal Use Only"’

CBS Labs has come up with an ex-
perimental color-TV camera which can
be used for viewing the inside of the
human body. This is the first time that
color trunsmission could be made, and
CBS hus developed a means of doing it
in almost virtual darkness.

Designed to be used as a teaching aid
for medical students, no modification
ol existing operating room ecuipment
and light sources is necessary with the
new device.

The system consists of a 16-inch
probe about the diameter of a pencil
with a camera lens at one end surround-
ed by a fiber optic bundle. These plastic
fibers are used to carry light into the
area of the bodyv to be viewed by the
lens. The camera is able to operate
virtually in the dark through a highly
sensitive tube that will operate at levels

approximating moonlight. A

www.americanradiohistorv.com

Hang it fast
and easy
then forget it!

The new Jensen VH-100 Series
horn speakers were designed for
fast installation and a lower in-
stalled cost. Their new and ex-
clusive features let you install
three VH-100's for the labor pen-
alty previously charged for two.

KWIKON® connectors, an easily
detached base, universal angle
adjustment, accessible power
control and an optional pre-inte-
grated transformer are but a few
of the many advantages of these
rugged new weatherproof 32 watt
speakers.

Our new brochure tells all.

Write Jensen Manufacturing
Division, The Muter Company,
6601 South Laramie Avenue,
Chicago, lllinois. 60638.

Jensen
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TEST

EQUIPMENT

PRODUCT REPORT

Amphenol Model 880 Stereo Commander
For copy of manufacturer’s brochure, circle No. 36 on Reader Service Card.

HE new Amphenol Model 880 in-

corporates seven instruments in one
compact package, providing a complete
testing laboratory for audio amplifiers
and FM-stereo tuners and receivers at
a fraction of the cost of the seven in-
dividual instruments it replaces. It is a
completelv  solid-stale portable unit
that can be used in the customer’s

S—

AMPHENOL

INTERMOD

ANA|
sttt LYZER

™ manas (qve,

home as well as in the service shop.

Four signal sources and three mea-
suring instruments are contained in the
package. Signal sources include:

1. An audio generator that supplies
either sine- or square-wave signals used
by other sections of the instrument.

2. A multiplex simulator that gen-
erates or controls all signals necessary

for complete and accurate alignment of
an FM multiplex receiver.

3. An rf./sweep oscillator that may
be used as an FM source modulated by
the signal present at the composite jack
(mono sine wave or square wave) or
as a sweep generator with a 60-Hz
sweep rate for I'M tuner alignment,.

4. An oscillator that generates a
crystal-controlled 10.7-MHz signal for
use as a marker for aligning FM re-
ceivers.

Measuring instruments include:

1. An intermodulation distortion an-
alyzer which measures distortion to
100% using SMPTE standard signal.

2. An impedance bridge capable of
measuring largely resistive unknowns
from 1 ohm to 20,000 olms. Since the
audio generator provides the signal used
to drive the bridge, an unknown im-
pedance can be checked at anv fre-
quency within generator range. This
section may also be used to determine
resonant frequencies.

3. A high-impedance a.c. voltmeter
with a sensitivity of 100 millivolts full
scale. The unit measures from 0.1 volt
full scale to 1000 volts full scale in
nine increments. The voltmeter is also
used as an indicator for the impedance
bridge and intermodulation analyzer
sections mentioned above.

The Model 880 Stereo Commander
has a composite output of 5 volts (p-p)
stereo, with 35 dB channel separation
up to 10 kHz; 2.5 volts (p-p) L—R;
and 3 volts (p-p) mono. Output at
19, 38, and 67 kHz is identical—5 volts
(p-p), sine wave.

The mono audio output is 3 volts
(p-p), sine wave and 10 volts (p-p),
square wave. Both sine and square
waves are variable from 35 Hz to 18
kHz in two ranges with less than 1%
distortion.

The Stereo Commander is 11%”
wide, 9%4” high, and 6” deep and
weighs slightly over eight pounds. Price
of the seven-in-one unit is $329.95. A

Jerrold Model AIM-718 Signal-Strength Meter

For copy of manufacturer’'s brochure, circle No. 37 on Reader Service Card.
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NEW solid-state signul-strength
meter has been introduced by Jer-

rold for use by professional antenna
installers. The meter, Model AIN-T18S,
is specifically designed for field use. Tt
is portable, light in weight, battery-
operated, and housed in a rugged case.
An instrument of this type can otten
convert a two-man antenna installation
job into one requiring the services of
only a single installer. The field-strength
meter is simplv connected to the an-
tenna to be installed, and the optimum
location for the antenna may be readily
determined by observing the meter
reading. Hence, it is not necessary to
have a second man down with the set
to observe for maximum signal strength.

www americanradiohistorvy com

A field-strength meter such as this
one is especiallv usetul for ultra-high-
frequency antenna installations. With
n.h.f. antennas, the shifting of position
and orientation by onlv a slight amount
often results in tremendous changes in
signal strength at the associated tele-
vision receiver.

The meter, which reads directly in
dBmV and microvolts, shows exact an-
tenna performance and requirements.
It is equipped with separate v.h.f. and
w.h.f. tuners, providing continuous cov-
erage from 54 to 216 MHz (including
the FM band) and from 470 to 890
MHz.

An audio output jack, crystal ear-
phone, and two built-in dB attenuators

ELECTRONICS WORLD
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are provided., The hasic range of the
instriment is SO0 to 2000 2%, and this
i increased to 200000 YV with one at-
lenuator switched o o bo 20000000 o
with both attenuators inserted. These fig-
ures are for 300-nhom use. Values are
one-half the seale readings for 75-0lim
lines, i owhich case o special plog-in
matching transformer is used

Maximum sensitivity is 20 «\ at 75
ohms or 40 #V at 300 ohms, while ac-
curacy is 3 dB on the v.h.f. band and

& dB oan the ultra-high frequency band.

Powered by four 9-volt long-life bat-
teries, the AIM-718 has a safety switch
that turns off the power when the in-
strument cover is closed. The case has
a large compartment in which acces-
sories can be carried. Dimensions are
9" long by 6%” wide by 4”7 high.
Weight of the instrument is a little over
4 pounds. Price of the meter is $198.50,
and it is available from the manufac-
turer’s distributors. A

B & K Model 1242 Color Generator

For copy of manufacturer’s brochure,

NEW,

color

solid-state
Y generator featuring complete sta-
bility in all service extremes is available
from the B & K Division, Dynascan
Corp.
The unit, Model 1242, is among the

low-cost

smallest, easiest-lo-carry generators
available. It measures only 27 high by
63”7 wide by 9%” deep and weighs
only 2 pounds complete with all cables.
The generator gives the service techni-
cian instant performance without ad-
justments whether the unit is hot or
cold. Ultrastable solid-state circuits us-
ing unijunction transistors and conser-
vative design are largely responsible for
this.

The instrument is designed to pro-
duce station-quality  waveforms  for

GUN XiLLER

circle No. 38 on Reader Sercice Card.

-] PATTEEN

front-panel controls: an amplitude con-
trol and a pattern-selector switch for
dot, crosshateh, horizontal line, vertical
line, and color patterns. Other features
include over 5000 microvolts r.f. output
on channels 3 and 4, built-in gun killer
with “miniclips” for easy connection,
rugged vinvl-clad steel case with storage
space for all leads, and a zener-diode-
regulated transformer power supply.

A block diagram of the circuit used
is shown here. The unit is basically a
gated, rainbow generator. Transistors
Q1 and Q7 are stable crystal oscillators,
while the lower frequency oscillators
serving as frequency dividers use uni-
junction transistors. These are 3, O4,
3, and Q6.

Price of the compact Model 1242 is

quick, easy convergence and color ad-  $99.95 A
justments of TV sets in the home or -
shop. The Model 1242 has only two r
GUN COLOR
- PATTERN
BLACK)— KILLER E— > AMPLITUDE
SWITCHES — CONTROL
| ! ~ i |
3.56-MHz 189 -kHz - 189-kHz COLOR
COLOR " |swarer -
R B G oscC. Y B Q2 KEYER
Q7 Ql
15.75-kHz
osc.
3 Q3
POWER
Y - | 13.5-kHz |
osc.
SUPPLY
R.F.OSC. R.F. o el
o0 Qs MODULATOR L\ t'n [
o Q8 900-Hz
osc. —
Qs
‘ i
60 -Hz
osc.
Q6
ouTPUT

November, 1967
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Start a

Stereo System
of Unparalleled

Quality For Solid State

or Tube Amplifiers

...forlessthan

FABULOUS MUSTANG M-12T
Y

12" 3-WAY SPEAKER SYSTEM.

A new breed of high per-

formance for whole house ;

sound! With 35-40,000 Hz

response; extra slim, thin

profile; exclusive front or

rear baffle mounting design;

12 15/16" dia. by 37" deep. >

Ty —

... for less thanﬁ“"”

AWARD WINNING MODEL 6201
12" 2-WAY SPEAKER SYSTEM. f/
Updated version of the ;
most popular true-coaxial
speaker ever made! With

axially mounted compres-

sion driven, wide - angle
reciprocating flare homn
tweeter; 28 to 18,500 H:z
response; 13" dia. by 6 3" deep.

——— ———— ——

... forless than$85""

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM. T
The only integrated bsingle -
speaker assembly capable - o
of response from 28 /E .
to 40,000 Hz! With high g
compliance woofer; e
Diffusicone mid-range; :
exclusive Sphericon ¥ 0
tweeter; integral s R /
britliance control; ) S
15%" dia. by 127 ) ‘} :
deep. ‘s “

. -— |
Listen to these and other fine University
speakers at your dealers today! Ask about PSE
—University's “'master blue print” for goof-proof
planning and building of your own speaker

system. Includes many plans for
speaker enclosures designed to
deliver the very best in stereo
sound. Address inquiries to desk
L-75

LISTEN—UNIVERSITY®SOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC.

9500 W. Reno Oklahoma City, Oklahoma 73101
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ways to

increase
your

income

RCA Institutes, Inc. offers these four compre-
hensive home study courses especially de-
signed to help build your income immediately!

ol

COLOR TV add profitable color
TV to your skills with this homne
training course, newly revised to
include information on the latest
techniques, receiver circuitry and
equipment. Train under the direc-
tion of RCA Institutes...experts
in Color TV home study training.

AUTOMATION ELECTRONICS

Trains you for the many applica-
tions of automation electronics in
industry and government including
Photoelectronics, Digital Computer
Techniques, Synchros and Servo-
mechanisms, Automatic Control
Systems, and many more!

5
PR

TRANSISTORS vou get tne nec-
essary background for semiconduc-
tor technology including character-
istics of tunnel diodes, rectifiers
and other solid state devices. Tran-
sistor trainer also available.

\ e

MOBILE COMMUNICATIONS
Trains you to service and main-
tain 2-way radio communications
on land, sea, and air! Gives you
the technical foundation for space
communications!

Take advantage of RCA’s Liberal Tuition Plan. You only pay for
fessons you order; and have no long-term obligations. Licensed by
New York State Education Department. Approved for Veterans.

RCAINSTITUTES,INC.

A Service of Radio Corporation of America
350 West Fourth Street, New York, N. Y. 10014

The Most Trusted Name in Electronics

B mE = SEND THIS COUPON NOW FOR COMPLETE FREE INFORMATION @ == m

RCA INSTITUTES, INC. Home Study School, Dept. EWA.N7
350 West Fourth Street, N. Y., N.Y. 10014

Without obligation, rush me free information on the following RCA Home Train-
ing Course: COLOR TV TRANSISTORS. MOBILE COMMUNICATIONS
AUTOMATION ELECTRONICS

Name Age

Address -

City Zone State
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ELECTRONIC
CROSSWORDS

By JAMES R. KIMSEY

(Answer on page 98)

ACROSS DOWN
1. To increase (he level of | unit. a unit of wavelength

6. An impedance-matching device measurement equal teo one hun-
for antennas. dred-millionth of a centimeter.

9. Fish eugs. 2. In radar. equipment combining

10. Unit of magnelomotive force. the function of duplexing and

11. Unit of resistance. lobe switching.

12. The oscillator that establishes the 3. Old name for IEEE (abbr
carrier frequency of a transmitter 4 factor. the ratio of the el-
{abbr.) . fective to the average curvent.

13. Distribution of resistance over the 5. §qjll.
range of rotation of the volume or g, [ncrease in spot size in a cath-
tone control ode-ray tube resulting from ab-

16. System of transmission (abbr.). nonmnal brilliancy.

17. To consume food. 7. Unit of luminance.

18. Light amplifier. 8 ghosts. duplicate images

2D). Lvric poem that appear on a television screen

22. Sea eagle. with intensity vaviations opposite

23. The unit of magnetic flux, equal to those of the picture.
to one magnetic Iin'e of force 12. Unit of current. one-thousandth

25. Bunle_ condition ‘]\_avv abbr.). of an ampere (abbr.)

27. Chemical abbreviation. 14. Apiece (abbr.)

28. Organ of hearing. - . .

29 Utilize 15. Indian coins {(abbr.).

30 shield, a network of par 19. :v\n electromechanical device.
allel wires all inferconnected at 21- I'acts used in a logical process.
the same end. like a comb. to 24. cable. a navigational aid
provide electrostatic shielding. in which the path to be ff)llowe(l

33. A system for making vourself is defined by a magnetic field
heard ““loud and clear’” (abbr around a cable.

35. Stafl. 26. A natural crystalline material

36. A transformer whose output voli widely used as the souree of
age cuan be variel over a wide piezoelectric crystals.
range by means of a switch and a 1. Region
sevies of taps (a regisiered trade- q9 Accomplish.

(natle E . 33. To move a lelevision camera ver-

7. A !)&II'“CU':IT aireraft radar nawvi tieally and/or horizontally 1o
gation svstem. 1 keep it trained on a moving ob

40. A means for rudiating or receiv ject o secure a panoramic elfect
ing radio waves (abbr.) 2. In radar. ti Hign 5f €nerey o

41 tube circuit arranged so that racdly Sachpontionjol enengy

the transmitted pulse which is re
secondary emission from the plate »

flected to a receiver.
causes plale current to decrease
as plate voltage is increased 365G roupainffronty

42 level. the reference level 37. A cable dimension (abbr.).
used when specifying a level in 38. Next to.
dB. 39. Switch position

[ 2 3 4 5 6 7 8
g
10 tl
12
13 14 15 16 17
18 9
20 |21 22
23 24 25 |26
27 28 29
30 31 32 33 34
35 36
37 |38 |39 40
41 a2
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This record is the result of two years of intensive
research in the sound libraries of several of the
world's leading record companies. The Editors of
HiFi/Stereo Review have selected and edited those
excerpts that best demonstrate each of the many
aspects of the stereo reproduction of music. The
record offers you a greater variety of sound than
has ever before been included on a single disc.

AN ELECTRIFYING EXPERIENCE IN LISTENING

The HiFi/Stereo Review Stereo Demonstration Rec-
ord is a series of independent demonstrations, each
designed to show off one or more aspects of musi-
cal sound and its reproduction. Entirely music, the
Record has been edited to provide self-sufficient
capsule presentations of an enormous variety of
music arranged in a contrasting and pleasing order.
It includes all the basic musical and acoustical
sounds that you hear when you listen to records,
isolated and pointed up to give you a basis for
future critical listening.

WIDE RANGE OF DEMONSTRATIONS

- Techniques of Separation and Multiple Sound
Sources *+ Acoustic Depth + The Ambiance of a
Concert Hall + Sharp Contrasts of Dynamics -
Crescendo and Diminuendo + Very High and Very
Low Pitched Musical Sounds + Polyphony (two or
more melodies going on at once) With Both Similar
and Contrasting Instruments + Tonal Qualities of
Wind, String and Percussion Instruments + Sounds
of Ancient Instruments - Sounds of Oriental Instru-
ments ¢+ Sound of the Singing Voice, Both Ciassi-
cally Trained and Untrained - Plus a Large Sam-
pling of Finger Snapping, Hand Clapping, Foot
Stamping and Other Musical and Percussive Sounds

13 SUPERB SELECTIONS

STRAUSS: Festive Pretude, Op. 61 ({excerpt) Deutsche Grammophon
Gesellschaft * Scored for full symphony orchestra plus organ with
prominence to the brass instruments. Remarkable for the impressive
sense of depth it reproduces.

DEBUSSY: Feux d'artifice (excerpt). Connoisseur Society. ¢ Virtually
the entire range of the piano is used, including the full force of the
bass notes. This is the sound of a piano in reverberant surroundings
heard fairly close-up.

BEETHOVEN: Wellington's Victory (Battle Symphony) (excerpt from
the first movement) Westminster * The recording emphasizes extreme
directionality. It is a dramatic presentation engineered specifically for
stereo reproduction.

MASSAINO: Canzona XXXV a 16 (complete) DGG Archive * Performed
on old instruments, and recorded with techniques that combine direc-
tionality with depth and ambiance, this band reproduces the sound
of the music in its original environment, a large and reverberant
cathedral.

CORRETTE: Concerto Comique Op.8, No. 6, '‘Le Plaisir des Dames’
(third movement) Connoisseur Society * Recording demonstrates the

’ FREE DESCRIPTIVE BOOKLET

ENCLOSED WITH EACH ALBUM

Packed with valuable facts to give you a better under-
standing of the term ‘'stereo high fidelity,”" including a
discussion of the selections appearing on the record, plus
a complete description of each selection performed and
the purpose behind its demonstration.

} 12” STEREO RECORDING AVAILABLE IN
YOUR CHOICE OF 33%: RPM OR 45 RPM

The 33% rpm is of the highest attainable quality at that
speed. The higher speed of the 45 enables an even higher
quality disc.

November, 1967
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sound and special layout of a small pertorming group (harpsichord, cello and
flutes) in fairly resonant surroundings.

KHAN: Raga Chandranandan (excerpt) Connoisseur Society * This classical
{ndian music provides some of the most exciting musical experiences imagin-
able. Directionality between vastly different instruments is the point here, as
well as the sheer sound of the instruments themselves.

RODRIGO: Concert—Serenade for Harp and Orchestra (excerpt from the first
movement) Deutsche Grammophon Gesellschaft * This excerpt provides a wealth
of instrumental color behind a harp solo. The music is clear, colorful, rather
classical, and immensely entertaining.

MANITAS DE PLATA: Gypsy Rhumba (complete) Connoisseur Society ¢ The
recording puts the listener in the center of a flamenco party by precisely trans-
mitting the directionality, depth and ambiance of this completely impromptu
recording session.

MARCELLO: (arr. King): Psalm XVII '‘The Heaves are Telling’' (complete) Con-
noisseur Society ¢ This arrangement of the brief Marcello Psalm is for brass,
choir and organ, who answer one another antiphonally.

PRAETORIUS: Terpsichore: La Bourrée XXXI| (complete) DGG Archive ¢ A musical
gem played by a raft of renaissance instruments including recorders. viols, lutes,
harpsichord, small kettle drums, chimes, bells, and triangle.

BERG: Wozzeck (excerpt from Act 111) Deutsche Grammophon Gesellschaft ¢ The
acknowledged masterpieces of modern music incorporating the use of many un-
usual and extraordinary musical devices, including dramatic crescendos for full
orchestra.

BARTOK: Sonata for two pianos and Percussion (excerpt from the first move-
ment) Cambridge * The work is a stunning exploration of percussive sounds used
as the basic material of the composition.

BEETHOVEN: Wellington’s Victory (Battle Victory) (excerpt from the last move-
ment) Westminster ¢ A demonstration of one of stereo’s greatest virtues, its
unmatched ability to clarify separate contrapuntal voices being played by similar
instruments.

Advanced New Anti-static Vinyl

Recorded with the cooperation of Deutsche Grammophon Gesell-
schaft, Connoisseur Society, Westminster Recording Company
and Cambridge Records Incorporated, the Stereo Demonstration
Record is processed and pressed on a newly developed, improved
vinyl. It is permanently anti-static, repels dust and dirt and pro-
motes longer stylus wear. The use of this material is conducive to
low surface noise and contributes to the production of full dy-
namics and frequency range. The record continually looks new,
sounds new and wears longer.

ORDER YOUR STEREO DEMONSTRATION RECORD TODAY
Only $4-98 Postpaid

Stereo Demonstration Record
p. O. Box 3463 * Church Street Station * New York, N.Y. 10008

Please send me_____ HiFi/Stereo Review Stereo Demonstration Record Albums
at $4.98 each, postpaid. My check (or money order) for $_____
is enclosed.

Check One: [J 33%5 rpm [J 45 rpm
(outside U.S.A. please send $7.00 per album ordered.) New York State residents
please add local sales tax.

Print Namde

EwW-117
Address. .

City. State Zip Code —_

h PAYMENT MUST BE ENCLOSED WITH ORDER ssemssmmmnst
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w Yhother with makeshift

twist-prong capacitor replacements ?

When you substitute capacitor sizes and ratings,

you leave yourself wide open for criticism

of your work . . . you risk your reputation . . .

you stand to lose customers. It just doesn’t

pay to use makeshifts when it’s so easy to get the

exact replacement from your Sprague distributor!

Get the night SIZE,
right RATING every time

with improved
SPRAGUE

\ TWIST-LOK"

X CAPACITORS !

2,365 different capacitors to choose from!

The industry's most complete selection of twist-prong capacitors,
bar none. Greater reliability, too. Exclusive Sprague cover design
provides a leak-proof seal which permits capacitors to withstand
higher ripple currents.

GET YOUR COPY of Sprague’s com-
prehensive Electrolytic Capacitor
Replacement Manual X-109 from
your Sprague Distributor, or write
Sprague Products Co., 51 Mar-
shall Street, North Adams, Mass.

SPRAGUE

70

WORLD'S LARGEST MANUFACTURER GF CAPACITORS

6S-126-63R2

THE MARK OF RELIABILITY

CIRCLE NO. 89 ON READER SERVICE CARD
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Aligning FM-Stereo Sets

(Continued from page 35)

this point is not just a simple tuning for
maximum. The oscilloscope pattern is
jumping wildly. You turn a slug slight-
lv und watch for roundness. Too far one
way, and the scope makes a straight
45-degree line. 1f the pattern goes to an
ellipse, the change is in the vight direc-
tion. You try to muke the ellipse a lit-
tle tatter. It vou turn a little too much,
the ellipse collupses again to a straight
45-degree line. Back up that last slug
and open up the waveform as much as
possible, and then move on to another
coil. That one may have the pattern
stretched out on the lower half. A slight
turn of its slug makes the two halves
balance.

At this point, tune in several multi-
plex stations and make sure the receiver
is working equally well on all stations.
This will insure that no control is set
out of range for some stations and in
range for others. Very slight compro-
mise should bring in all stations equally.

Separation and Threshold

The next adjustment is for separa-
tion. In Iig. 5 the separation control is
a G6OOO-ohm pot between emitters of
the differential amplifier. Since vertical
excursions of the scope trace represent
the L signal and horizontal excursions
the R, a vertical line represents un L
signul with no R, which is ideal separa-
tion. A horizontal line represents ideal
right-only separation. In actual practice,
the pattern in Fig. 3 shows very good
left-only separation. In Fig. 4 right-
only separation is incomplete but accep-
table.

The Dbest music for separation tests
features solos. The separation control
is adjusted and the patterns observed as
the music changes from an instrument
on oue side of the orchestra to a ditfer-
ent instrument on the other. Adjusting
slightly and watching the music over a
period of time vou will soon locate the
spot where separation is best.

The threshold control is adjusted so
that the stereo indicator does not flick
on and oll with weak signals or when
someone moves about the room. The
licht should stay ofl on weak signals
and turn on only when strong signals
are received.

As is the case with alignment jobs
on any equipment, the technician has
to develop a “know-when” sense. The
big “know-when” in this case is called
“know-when-to-quit”. Two more turns
ol the alignment tool after that and all
is lost. As the signal shapes up, be more
cautious. Muke the adjustments smaller
and smaller. Observe the wavetorms
for « longer period of time. And, if
worst comes to worst, vou can always
start over. A

ELECTRONICS WORLD
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fill the 8aP

S = = WITHA COMPLETE SELECTION OF
ANNUALS, YEARBOOKS, DIRECTORIES AND

HANDBOOKS trom the world's largest publisher of special interest magazines. Take
a moment to review the titles and issues currently available. You're sure to find many of your
favorites to help complete your library and fill those wide open spaces on your bookshelves.

PHOTOGRAPHY
ANNUAL

Poaer

PHOTOGRAPHY ANNUAL

A selection of the World's finest
photographs compiled by the edi-
tors of Popular Photography.
212 pages—24 in full color.
1967 — $1.50 =38
1966 — $1.25 =1
1964 — $1.25 .. =3

PHOTOGRAPHY DIRECTORY
World’s most complete
photographic buying guide.

1967 — $1.25.. _#41
1966 — $1.25... . £22

STEREQ/Hi Fi DIRECTORY
Complete buyers guide for virtu-
elly every Hi Fi component man-
ufactured.

1967 — $1.25
1966 — $1.25

£45
29

rE====——=s=z

ELECTRONIC
EXPERIMENTER'S
HANDBOOK
Many challenging projects for

the electronics hobbyist.

1966-Fall Edition-$1.25 %39
1966-Spring Ed.-$! 25 =36
1965-Fall Edition-$1.25 =9
1965-Spring Ed.-§1.25 =14
1967-Spring Ed.-$1.25 =49

- bz
"

H TO PLACE YOUR ORDER, circle the num-

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including 23 complete
directory of mono and stereo recorders.

1967 — $1.25
1966 — $1.25
1965 — $1.00

POLAROID LAND
PHOTOGRAPHY
Complete guide and only
comprehensive and up-to-date

handbook on Polaroid Land Pho-
tography.

1966 — $1.25
1963 — $1.00

=24
=25

| bers of the annuals you wish to receive on

i\ the coupon, clearly

print your name and

| address and enclose your remittance. Please
be sure to enclose an additional 15¢ ship-
ping and handling for each copy ordered.
© Add 50¢ per copy for orders outside U.S.A.

TAPE RECORDER 14

e hap > (e e
Ty h

CAR & DRIVER YEARBOOK
A complete buyers guide cover-
ing virtually every car available
in the United States . . . Road

tests . . . Technical specifica-
tions . . . Accessories and per-
formance equipment buying
gutde . . . Guide to racing with
action-packed photos.
1967 — §1.50 =40
1966 — $1.25 =15
1965 — $1.25 =17

INVITATION TO
FHOTOGRAPHY

INVITATION TO

PHOTOGRAPHY

A unique 116 page guide to
better picture taking by the Edi-
tors of Popular Photography.
Basic down-to-earth advice that
helps you eliminate costly trial
and error. time-consuming guess
work. 20 complete, fact-and-
photo packed articles in all.

1966 — $1.25 =35
1967 — $1.25 =50

ELECTRONICS INSTALLATION
AND SERVICING HANDBOOK

The only complete guide for servicemen
and hobbyists to every major phase of

42 consumer electronics servicing.
E 1967 — $1.25  #43
1966 — $1.25 . . £#32

RN PCIEHNATIONAL
TEARIM ety

SKIING INTERNATIONAL
YEARBOOK

A luxuriously illustrated compen-
dium of 1966's important events.
.. A timely forecast of the
excitement-packed 1967 season
—by the editors of Skiing Maga.
zine.
1967 — $1.25
1966 — §$1.25

#48
=26

I .M . | N _JR M Ol B B DN Ee o
| I Ziff-Davis Service Division—Department W 595 Broadway,

|| | am enclosing $__
| I 1 3 9
L

U.S A
come-first served basis.

Name__ _
Addresse

| || City.

1

FLYING TRAVELGUIDE
Here's the first really useful
guide to flying vacations. Every-
thing you need to know about:
lodgings, restaurants, resorts.
sightseeing. recreation. sports
activities, airport facilities
childrens fun. price information,
special information for the gals
—and much more.

1967 — $1.25

1966 — §$1.25

#46
#34

CAR AND DRIVER
RACING ANNUAL

An almanac of competition in-

formation covering
year of 1966. It's the finest,
most complete manual of its
kind—it brings every suspense-
ful heat back to life with lavish
use of dramatic photos, and
words that spell ‘‘speed’’ from
start to finish!

1967 — $1.25

the entire

%51

FLYING ANNUAL

The most valuable aviation yearbook
ever compiled . .
Aircraft directory . . .
used airplane . . .

. Learn to fly section.

. Pilot reports . . .
How to buy a
Navcom directory

1967 — $1.50
1966 — $1.25
1965 — $1.25.. #28

COMMUNICATIONS
HANDBOOK
The most complete and up-to-
date guide to the exciting world
of specialized radio communica-
tions.

1967 — $1.25 47

1966 — $1.25 =18

1965 — $1.00 .19

1964 — $1.00 ... £20
] n_n |

I BN SN
New York, N. Y. 10012

for the annuals circled below. My remittance includes

_ State__
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an additional 15¢ per copy for shipping and handling (50¢ for orders outside
I understand quantities are hmited and orders will be filled on a first

14 15 17 18 19 20 22 24 25 26 27 28 29 30 31 32
34 35 36 38 39 40 41 42 43 44 45 46 47 48 49 50 51

EW-117

i Zip Code. .

PAYMENT MUST BE ENCLOSED WITH ORDER
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WORLD'S
FINEST BOOK

REVIEWS

""MUSIC, PHYSICS AND ENGINEERING"
by Harry F. Olson. Published by Docer
Publications, Inc., 180 Varick Street,
New York, N. Y. 10014. 448 pages.
Price $2.75. Soft cover.

This book hus long been familiar
to audio engineers as “Musical Engi-

! neering” and has been revised and en-
ERSI" ; larged in this second edition to include

'new material on acoustics in all tvpes
of listening areas from cars to concert
halls. There is new data on mono and

stereo sound reproducing systems, on
various  types of tape systems, and
even a chapter on the composition of
music by computer.
The text is divided into ten chap-
ters covering sound waves; musical
terminology: musical scales; resonators
UHH gc and  radiators; musical instruments;
characteristics of musical instruments;
BUY IT AT RADIO-TV PARTS STORES properties of music; theater, studio,

MULTICORE SALES CORP., WESTBURY, N.Y. 11590 | and room acoustics; sound-reproducing
CIRCLE NO. 104 ON READER SERVICE CARD

systems; and electronic music.

The book is lavishly illustrated, writ-
[ten in clear and concise styvle, and
world, < \ wherever possible has eschewed mathe-

matics. Thus this volume can be used

by teachers, by students, by musicians,

Number 3 }bv engineers, as well as by the intelli-
2y | gent layvman.
One 8 -

5 “MUSIC, SOUND AND SENSATION-—A
TruSted ? | MODERN EXPOSITION" by Fritz
Name L& | Winckel. Published by Dover Publica-
=2 | tions, Inc.,, 180 Varick Street, New
Brand b York, N. Y. 10014. 183 pages. Price

$2.25. Soft cover.

| This is a translation from the 1960
German edition which has been up-
dated and revised by the author. It is
a book for the composer, the perforn-
er, and the sophisticated listener. The
author has gone bevond the area of
© TAPE-RECQ HEAD CLEANER ¥ | physical acoustics and music and delves
® FRIGID-AIR CIRCUIT COOLER into the realm ol pyschoacoustics from

All Guaranteed Non-Flam- which results the subjective character
mable, No Carbon-Tet, Non- of musical hearing.
'

3 1 H "eseare : N i '] HE
Toxic & Won't Affect Plastics In rese uch (()n('luc.ted in I.)s'\ ¢ 1<)‘.1
coustics in the past few vears music

® VOLUME CONTROL & CONTACT RESTORER

@ TUNER-TOMIC with PERMA-FILM
@ EC-44 FOR ELECTRICAL CONTACTS

The Only Brand Perfect For - has been considered in many aspects:
Color TV and Black & White the evaluation of louduess and the
FREE extender assembly for pin- dissolution power of the ear; the in-
point application supplied with  ; finence of the acoustical properties of
ALL NO-NOISE PRODUCTS. the concert hall on the hearing proc-

ess; the function of time variation and
thyvthm in musical perception; and the
evaluation of the sound spectrum in-
cluding the unharmonic components.
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£ Basic €Ly
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Thomas Binkley has given the work
an excellent, idiomatic translation and
the author has provided a bibliography
embracing both American and Euwro-
pean references. A generous sprinkling
of line drawings, graphs, and photo-
graphs adds to the exposition.

R )
“FIELD EFFECT TRANSISTOR PROJECTS"
compiled and published by Motorola
Semiconductor Products, Inc., Box 955,
Phoenix, Arizona 85001. 98 pages.
Price $1.00 plus 10 cents postage by
mail. Soft cover.

IHere is a chance for those who wre
interested in learning about FET’s to
build a number of pieces of equipment
using  field-effect transistors.

Following an introductory section
which explains the construction, oper-
ation, and terminology of the FET,
the book goes on to outline construc-
tion techniques and then continues
with complete circuits and building
hints on a vibrato, audio mixer, timer,
erystal oscillator, preamplifier, and d.c.
voltmeter.

Each piece of equipment has a sche-
matic, pictorial, complete parts list, in-
formation on chassis layout, and even
a step-by-step construction guide with
boxes the builder can check off as he
completes that step.

5 * *
“RESEARCH ON THE LIGHTNING PHE-
NOMENON'’ co-edited by Eugene W.
Boehne & R. H. Golde. Published by
the Journal of The Franklin Institute,
Philadelphia, Pa. 19103. Price $2.75.
Solt cover.

This is a special issue of the Journal
dealing with a single topic—the current
aspects of lightning research. The co-
editors have enlisted the services of
five international experts from three
continents to provide an up-to-date
physical understanding of the nature
and causes of lightning and the re-
sulting advances in the science of
lightning protection.

The article on The Lightning Con-
ductor is by R. H. Golde of The Elec-
trical Research Association of Leather-
head, England; Novel Observations on
Lightning Discharges: Results of Re-
search on Mount San Salvatore are
described by K. Berger of the High
Voltage Research Committee, Zurich;
the Physics of Thunderstorm Electric

ELECTRONICS WORLD


www.americanradiohistory.com

Circuit are discussed by D. . Malan
ol the Universitv of Witwatersrand,
Johannesburg; The Production of
Thunderstorm Electricity is covered by
E. J. Workman of the University of
Hawaii; and Lightning and Transmis-
sion Lines is handled by C. F. Wagner
ol Westinghouse.

Each article is complete in itself,
well illustrated, and elaboratelv refer-
enced. Almost anvone working in the
electrical or electronic field could prof-
it from a thoughtful study of this vol-
ume,

"INTEGRATED ELECTRONICS* bv K. T.
Dean. Published by Chapman & Hall,
London. Distributed in the U. S. by
Barnes & Noble, Inc., 105 TFifth Ave.,
New York, N. Y. 10003. 130 pages.
Price $5.25.

This is another volume in this pub-
lisher’s Modern Electrical Studies series
which is designed to keep the practic-
ing engineer or graduate student of
engineering abreast of developments as
thev occur in the industrv. The author
has specified this reudership since the
prerequisite semiconductor and mathe-
matical  backgrounds are taken for
granted.

The text is divided into eight chap-
ters, two appendices, and a bibliog-
raphy. After the preface and a glos-

A SELECTION OF

ANNUALS STILL AVAILABLE

FROM THE WORLD'S LARGEST PUBLISHER OF SPECIAL INTEREST MAGAZINES

TEST RePONTS

sarv of terms, the text covers the
development of the alloy junction tran-
sistor, thin-film integrated circuits, dif-
fusion techniques in silicon, field-effect
transistors. logic circuits, histable ele-
ments. linear amplifiers, und applica-
tions of bistable elements,

The author places particular empha-
sis on the digital applications of inte-
arated electronics since, as he points
out. it is the field in which the greatest
advances have been made. The text
has been elaborutely illustrated through-
out,

"DICTIONARY OF ELECTRONICS by
Harlev Carter. Published by Hart Pub-
lishing Company, Inc., New York. 410
pages. Price $10.00.

The onlv difficulty in transporting an
electronics dictionary which originated
abroad to the United States is the in-
escapable fact that we “don’t speak the
same language” as owr European neigh-
bors, not excluding our British brethren.

While this is an excellent diction-
ary ol its type, well illustrated and
with copious explanations, most Amer-
ican users will find themselves a hit put
off by the terminology and many of the
definitions will have a decidedly for-
eign ring.

It the reader is accustomed to read-
ing British engineering books and mag-

azines, this dictionary should prove
both familiar and useful.

E

"THE MEANING OF SOUND” bv Colin
A. Ronan. Published by Hart Publish-
ing Co., Inc, New York. 118 pages.
Price $3.95.

The author of this volume is a fa-
miliar figure to British school children
as he often appears on radio and tele-
vision programs dealing with the sci-
ences. He has successfullv “popular-
ized” the subjects of light. the universe,
and the earth. With this book he per-
forms a similar service for the subject
of sound.

He has divided his subject matter
into eight chapters covering the nature
of sound, sound waves, musical sounds.
noise, hearing and speech, broadcast-
ing and recording sound. using sound,
and ultrasonics. His stvle is intormal
and chattyv and he has drawn little
sketches to illustrate points which can-
not be adequately demonstrated with
photographs.

\While this is not a book for the en-
gineer or those involved in the design
of audio equipment, there are bits of
information which may be new even to
the professional.

I'or those seeking a Dbasic text on
sound which can instruct but not bore
this volume should do the trick. A

" GAS

BuYESS GUIOE
THOM SHCS 0N
|RL196) Cans

PHOTOGRRPHY
&5 DIRECTORY
= BUVING GUIDE

CAR & DRIVER YEARBOOK

A complete buyers guide covering vir-

performance equipment buying guide
. Guide to racing with action-

tually every car available in the United 2
States . . . Road tests . . . Technical PHOTOGRAPHY DIRECTORY =
specifications . . Accessories and World's most complete

photographic buying guide. /

baéked photos.

1967 — $1.25....#41
1966 — $1.25....#22

1967 — §1.
1966 — $1.
1965 — $1.

Uses OXYGEN

TAPE RECORDER 122

TAPE RECORDER ANNUAL

Everything you need to know about
tape recording including a complete
directory of mono and stereo recorders.
1967 — $1.25. . #42
1966 — $1.25 _ #30
1965 — $1.00....#31

| -

COMPLFTE BUYERS GUIDY

STEREO HI-H
DIRECTORY «*»

STEREO/Hi Fi DIRECTORY

Complete buyers guide for virtually
every Hi Fi component manufactured.

1967 — $1.25....#45
1966 — $1.25.....#29

Order by number from Ziff-Davis Service Division, 595 Broadway, N.Y., N.Y. 1001 2.
Enclose add’l 15¢ per copy for shipping & handling (50¢ for orders outside U.S.A)

and LP GAS Jes,

o Completely self-contained.
e Produces 5000° pin-point flame.
e Welds, brazes, solders.

e Hundreds of lightweight uses. e
e Suggested list — $19.95. s
gg $ B
GET _COMPLETE DETAILS AT MOST IN-
DUSTRIAL DISTRIBUTORS, OR WRITE TO
MICROFLAME, INC.
REPAIR AND

|
19

SERVICE SHOPS

-

MICROFLAME,

7800 COMPUTER AVENUE
MINNEAPOLIS, MINNESOTA 55424 )

INC.
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AV BRAND NEW
Iy f&\: FALL AND WINTER
\ ] b RADIO-TV

w  ELECTRONICS
v CATALOG

YOUR BUYING GUIDE
FOKR: o Stareo & Hi b
svatims & Compunents
# Tape Recorders @ Klee-
teame Parts, Tabes Tanls
# lPhuanos &  heccrds
& Ham Gear o Test In-

Lrument: & hits @ Cam
s & Film e PA @ Uit
sens Band & Radic & T\
Sods o Musieal Instru
monts

MAIL TODAY TO:

BURSTEIN-APPLEBEE
Dept. EWK 1012 McGee, Kansas City, Mo. 64106

Address _
City
State Zip Code

]
1
|
|
|
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|
|
|
I
|
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ARE YOU CASHING-IN ¥
ON THE PROFITABLE
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

Y Send for our FREE EVALUATION EXAM. Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited.
W Just one of the hundreds of successful Motorola Service
Stations writes, '‘we would be pleased to interview any graduate
of your school that has received some training in 2-way radio
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com
petent technicrans.”” W Get all the facts today. There 1s no
obligation and no salesman will call.

*A MOTOROLA TRAINING INSTITUTE

4545 West Augusta Blvd. « Chicago 51, lllinois « Depl. AEF 741

i
' [0 Send me FREE entrance exam.
1 D Send full details on Home Study Course on FM 2-way Radio
: Servicing
1 Send me details on how you can help me prepare for an FCC
l License.
: Name Occupation I
D Address
]
!_ city ___ Ione State_
"""" Ciwue_ WO, 105 ON READER SERVICE CAKD
74

SEMICONDUCTOR
TEST SET

By M. GROSS

This ecasy-to-use test set measures
leakage current and transistor beta
and will also test diodes and SCR’s.

HE semiconductor test set described in this article is

designed to provide a great deal of information about

the semiconductor device under test without requir-
ing complex calibration or testing procedures. Most tests
consist of inserting a semiconductor device into the test
socket. pushing a button, and reading the results on a meter
or short-circuit indicator lamp.

The test set can measure leakage current and d.c. cur-
rent gain (beta) of transistors and indicate shorted or open
junctions ria the indicator lamp. Tt can also show shorts or
open circuits in diodes and SCR’s in both the forward- and
reverse-biused conditions. In addition. the test set can dem-
onstrate whether an SCR is functioning properly, that is, if
the device will conduct when current is supplied to the
gate and if it will turn oft when the voltuge is momentarily
removed {rom the device,

Fig. 1. Parts list and schematic for semiconductor tester.

sS4
n-p-n_ CALIBRATE

|np-n—p-n-p

— 8
|
L* (55 OPTIONAL
SEE TEXT)

CURRENT GENERATOR
R1, R2-50.000 ohm por

PL1—%49 pilot light

R3, R5—47 ohm. V2 W, res. SO1, SO2—Transistor socket
R4—5000 ohm pot D1, D2—IN100 or equiv.

—0- 0 Bi, B2—1.35 V mercury battery
IV.H 0-100 pA meter B3, B4i—6 V battery
S1—4 p.d.c. rotary sw.

Q1—P-n-p transistor, beta more
S$2-—S.p.d.t. push-button sw. than 20

S$3—D.p.d.t. push-button sw.
S4—4 p.d.t. push-button sw,

Q2—N-p-n transistor, beta more
than 20

ELECTRONICS WORLD
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Tests Performed

The short test determines the existence of a shorted
emitter-collector or base-collector junction; the presence of
such a short is indicated when the front-panel indicator
lamp glows.

The leak test measures the current flowing through the
collector of the transistor under test. This test is similar to
the short test except that the meter is connected in place of
the lamp. \When a transistor is inserted in the socket, the
meter will indicate I, (the amount of leakage current
flowing from collector to emitter with the base connected
to the emitter). To measure [.,, (the current flowing from
collector to base with the emitter open), the emitter lead is
removed from the test socket. The meter then indicates
the 1., current.

To perform the d.c. gain (Deta) test, the transistor base
is biased through a constant-current generator, and the ratio
of collector current (I.) to base current (1,) represents the
d.c. current gain (f3). Since the current generator supplies a
constant base drive of 100 pA and the meter is a 100-pA
movement adjusted to read 10 mA full scale, the meter
scale will indicate 8 directly from 0 to 100.

Test Set

A complete schematic for the test set is shiown in Fig. 1.
Switch S1 connects hatteries B3 and B4 to the circuit so
that the device under test is properly biased. This switch
also connects the meter (M1) so that it always indicates up
scale.

With switches S2, 83, und S4 in their normal (unde-
pressed) condition, a device short circuit will be indicated.
By depressing S2 (“Leuk™), either I, or I,,, can be read.

To test gain, depress 83 (“Gain”). In this mode, resistor
R5 is connected into the collector-emitter loop and the

(¥

CAL|a.A;E

.GAIN

meter is arranged to indicate the current flowing through
this resistor. The meter is adjusted to indicate 10 mA (full
scale) by R4. The current generator is connected to the base
of the transistor under test and adjusted to provide 100 ;A
of base drive. If a transistor having a 3 of 100 were tested,
the current through R5 would be 8 (I,) or 10 mA. This
would produce a full-scale indication on the meter, repre-
senting a 3 of 100. Similarly, if a transistor having a 8 of 10
were tested, the current through R5 would be 1 mA, a de-
flection of one-tenth the meter scale. Thus, the meter is
used to indicate 3 directly.

By releasing S3 and depressing S4 (“Calibrate”), the
meter is then unshunted and connected in series with the

e e
CARBON COMPOSITION AND
WIRE-WOUND POTENTIOMETERS

T —— st i

'FRACTIONAL HP ELECTRIC MOTORS

- SR
AC. AND D.C. OPERATED,WITH OR WITHOUT SPEED REGULATOR 2 =r
o ] 54
ElES’A OF AMERICA CORP, 521 FIFTH AVENUE, NEW YORK, N.Y. 10017, TEL. 212 697.5838 LESZ{
LESA COSTRUZION! ELETTROMECCANICHE S.p.A. VIA BERGAMO, 21, MILANO, ITALY M@ES&
JL:JE %/} DEUTSCHLAND GMBH. 1 WIESENTALSTRASSE. FREIBURG i/Br, WEST-GERMANY LES&
ol ﬂ ELECTRA, S.A,, VIALE PORTONE 27, BELLINZONA, SWITZERLAND ELES‘
, A FRANCE S.A.RL., 19 RUE DUHAMEL, LYON, FRANCE me
= 3 A g
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...not by
a long shot
itisnt!!

There’s certainly nothing top secret
about the classified pages in Elec-
tronics World Magazine. They're
wide open to the searching eyes of
every buyer who's in the market
for the product or service that he
knows can be found in Electronics
World's Electronics Market Place.

The more than 191,000 buyers of
Electronics World, largest reader-
ship of any magazine for electronics
professionals in the world, are your
guarantee of knowing that your ad
is being read by people who are
constantly looking for and buying
electronics products. It is these
people to whom you MUST direct
YOUR advertising as do the many
key advertisers appearing in this
issue and in each issue throughout
the year.

No doubt about it—there’'s a vast
market of buyers searching the
classified advertising pages of Elec-
tronics World and it's important
that your ad be exposed to this
prime buying audience. Prove to
yourself that the leading magazine
for electronics professionals MUST
ALSO be the leader in sales re-
sponses to the many classified ads
presently enhancing its pages — it
makes a great deal of sense—give
it a try.

There's complete rate information
for your convenience in the classi-
fied section of this issue. Or, if you'd
like a little personal service, it's
right up our alley. Just write to

HAL CYMES
Classified Advertising Manager
ZIFF-DAVIS PUBLISHING COMPANY
One Park Avenue
New York, New York 10016

_
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current generator and the buse lead.
Thus, the base drive in A may be read.
With S4 depressed, base-current-ad-
justing resistors R1 and R2 may be set
to provide 100 pA of base drive.

Current Generator

It is obvious from the preceding dis-
cussion that any change in the amount
of base current supplied by the current
generator will cause an erroncous f3 in-
dication. It is desirable, therefore, to
minimize the elfects of emitter-buse
junction impedance changes on base
current. Theoretically, this may be ac-
complished by using an “ideal” current

| 3 L .
generator, that is, a device which has

an infinite input impedance and which
can supply any desired current. In prac-
tice, however, this type of device may
be a little diflicult to create.

The current generator shown in Fig.
1 is really two generators connected in
parallel. The first, consisting of RI,
Q1, Bl, and D1, is used to test n-p-n
transistors; the second, consisting of
R2, Q2, B2, and D2, is used for p-n-p
transistors.

The current-generator circuit is a
common-base configuration, with the
emitter-base junction impedance R,, of

| the transistor under test as the collector

load. This type of circuit is used to

advantage since the impedance seen

looking back into the generator col-
lector is very high. Thus, changes in
R, have very little effect on the current
flowing through the generator transis-
tor and into the base of the transistor
under test. Ry, can vary from a short
(zero ohins) to 8000 ohms and will
result in only a 2% chunge in base
drive.

Calibration

After the circuit is completed and
inspected {or wiring taults, the test
circuits may be calibrated as follows:

1. Connect a 1000-ohm pot in series
with an external 10-mA meter or v.o.m.
between the test set “C” and “E” ter-
minals. Adjust this pot for 10-mA de-
flection on the external meter. Press
S3 and udjust R4 for full-scule deflec-
tion of test-set meter.

2. Short the test set “B” and “E”
terminals with a clip lead. With S in
the “P-N-P” position, depress S4. Ad-
just R2 to produce full-scale deflection
on the test-set meter. Place S1 in the
“N-P-N” position. Depress S4 and ad-
just Rl for full-scale deflection. Both
Rl and R2 may be adjusted with a
transistor inserted in one of the test
sockets and with the clip lead removed
from the “B” and “E” terminals. This
will ensure maximum accuracy for the
B test.

Examples of Tests

Transistors. A transistor is inserted in
the test socket with emitter, base, and

WwWWwWWw.americanradiohistorv.com

collector leads in their proper positions.
Flipping S1 back and forth Dbetween
“N-P-N” and “P-N-P” should make
lamp PL1 light in one position and
not in the other. The position of S1 in
which PL1 does not light is the proper
one for the transistor under test. In
other words, if PL1 does not light in she
“N-P-N” position, the test transistor
is n-p-n; if PL1 does not light in the
“P-N-P” position, the transistor is p-n-p.

If PL1 does not light in either posi-
tion of S1, the transistor is open; if
PL1 stays lit in both positions of S1,
the transistor is shorted.

With S1 in the proper position for
the device under test, S2 (“Leak”) is
depressed. The total leakage current
I, (in pnA) may be read on the meter.
I.,, may be read by removing the
emitter lead of the transistor from the
test socket and depressing S2. If the
builder desires, another switch mayv he
added (S5; see schematic) which will
effectively remove the emitter lead from
the circuit for this test.

Diodes. The anode lead of the diode
is connected to the “B” terminal of the
test set and the cathode is connected to
the “C” terminal. With S1 in “Diode
P-N-P” position, lamp PL1 should light
with S1 in “N-P-N" position, the lamp
should go out. If the light is off in the
“P-N-P Diode” position but is lit in the
“N-P-N” position, the diode is reversed.
If the light stavs on in both positions,
the diode is shorted; if the light fails
to go on in either position, the diode is
open. With S1 in the “N-P-N” position,
S2 is depressed and the reverse leakage
current may be read on the front-panel
meter.

SCR’s. The stud of an SCR is usually
the unode, the lurge terminal the cath-
ode, and the small terminal the gate.
Attach the anode to the “L” terminal
ol the test set, the cathode terminal to
“C”, and place S1 in the “P-N-P Diode”
position. The light should stay ofl.
When a clip lead is attached to the
“B” terminal of the test set und the
other end of this clip lead touched to
the gate lead of the SCR, the light
should go on and stay lit even when
the clip lead is removed trom the
gate. When S2 is depressed, the light
should go off and stay off and there
should bhe no deflection observed on
the meter.

When the clip lead is touched to the
gate, current flows into the gate, tumn-
ing the SCR on. When S2 is depressed,
in the time it takes this switch to go
from its normally closed to normally
open position (about 30 milliseconds),
voltage is removed from the SCR. In
this time the device should turn olf.
Any delay in turnoff of the SCR will be
observed as a kick of the meter needle.
If the SCR fails to turn oft, the meter
will be pegged so that S2 should be
released. A
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LIGHT PROBE
FOR THE BLIND

ITHE optical light probe to be discussed has been suc-

cessfully used in teaching laboratory science to a blind
student and enabled him to perform ordinary laboratory ex-
periments, using conventional test equipment, without the
aid of a sighted partner. The device was developed hy Dr.
Thomas R. Carver of Princeton University.

It was immediately ohvious that most problems could be
solved by a small photoelectric light sensor which could
focus at short object distances as a microscope, at inter-
mediate distances as a “Hag” for moving objects, and at
infinity for certain optical experiments. It was also ob-
vious that the readout had to be an audio tone.

The basic circuit, shown in Fig. 1, consists of a two-
transistor RC feedback oscillator in which photoresistor R1
acts as a bias resistor for transistor Q2. Variations in the
light level reaching the photoresistor produces a broad
range of frequency change. Audio output is via a small
magnetic carphone.

Different optical functions are performed by a set of in-
terchungeable lenses which can he attached to the main
tube. One lens has a focal length of 2 inches und an object
distance of infinity and is useful for general guidance and
location functions. The second lens has a Y2-inch diameter
and an object distance of about 6 inches in front of the
lens aud is useful in timing a moving object passing in
front of the lens, as well us “reading” the explanatory dia-
grams on the blackboard and tracing wiring on a bench-
top.

The third lens has a short focal length and is used with
a 5-power magnifier having an object distance only 3 inch
from the first surface of the lens. This is used to scan un
oscilloscope screen, locate fluid levels, and find punched
holes i paper tape or cards. Tt is also useful in determin-
ing whether or not the equipment pilot lamps are lit,

The fourth lens is similar to the third lens except that
it contains a semi-reflecting beamsplitter at 43°, between
the lens and the photoresistor, in order to provide axial
self-illumination from an internal light bulb. This last lens
is useful for reading fluid level in a conventional thermome-
ter, and sensing the location of meter pointers.

Because the oscillator operates reliably on 2.5 to 3 V,
but the tiny grain-of-wheat lamp operates at 1.25 V, switch
S2 is provided so as to connect only one cell to the lamp.
With 225 mA/bh batteries, operating life is about 12 hours
with the lamp in use, and about 5 days when the lamp is
not used. Switch S1 is provided to adjust the center fre-
quency of the oscillator to the ambient light which happens
to be present in any particular area. A

Fig. 1. Circuit and parts list for the audio/light probe.

Ri—Photoresistor (Clairex CL904L or cquiv.) R3—620 ohm, Y4-warte
R2—150 ohm, V4-wart res. res.
R4—-16,000 ohm, Vj4-
wilt res.

R4
A 1- (;1—500 pk c;lpacil(or
ol C2—0.01 xF capacitor
R3 RZ :
ca — PLI C3—1 uF, G-volt clec.

__F_@_o_".” capacitor
Q o5 3 s2 C4—0.1 yF capacitor
82 S1-S.p.d.t. switch
<l $2—8.p.3-pos. switch

7
3 PL1—1.25 V pilot lamp
J1—Phone jack (also
“‘on/off”” switch)
B1, B2-1.25 V re-
chargeable battery
|J‘ QI1—-2N207 transistor
Q2—2N706 transistor
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VIKING VERSATILITY
MEANS EXTRA VALUE

Viking's versatile Model 230
transports are especially
designed for continuous
operation in a variety of
commercial and industrial
uses. Sophisticated installa-
tions in electronic teaching
and dial access information
retrieval systems,radio
broadcast monitors, flight
communications, law en-
forcement agencies, delayed
broadcasting and back-
ground music centers all
attest to their rugged
reliability.

A two speed, three-motor
tape transport, the Model
230 is equipped with mo-
mentary push-button con-
trols and is ideally suited
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for remote controlled and

channel RP120, match the

VIKING

P’ tape recorders

A DIVISION OF THE
TELEX CORPORATION
9600 ALDRICH AVENUE SOUTH
MINNEAPOLIS. MINNESOTA 55420

automatic applications. Var-
ious head configurations
and interchangeable, plug- |
in head block assemblies,
plus other optional features,
make it a highly versatile
unit. And Viking solid state
modular amplifiers, single
channel RP110 or dual

230 transports in depend-
ability and design. For com-
plete information write to
Viking.

230 TRANSPORT & Rf120 AMPLIFIER
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Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

But, if you supplement your experience with more educa-
tion in electronics, you can become a specialist. You'll
enjoy good income and excellent security. You won't have
to worry about automation or advances in technology put-
ting you out of a job.

How can you get the additional education you must have
to protect your future—and the future of those who de-
pend on you? Going back to school isn't easy for a man
with a job and family obligations.

CREl Home Study Programs offer you a practical way to
get more education without going back to school. You
study at home, at your own pace, on your own schedule.
And you study with the assurance that what you learn can
be applied on the job immediately to make you worth
more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE book
gives complete information. Air-

mail postpaid card for your copy.

If card is detached, use coupon b
below or write: CREI, Dept. g

1111E, 3224 Sixteenth Street, f,l

N.W., Washington, D.C. 20010. ==+

The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.

Dept. 1111E 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.

NAME. AGE

ADDRESS

CITY - E ZIP CODE

Fourded 192="

EMPLOYED BY_

T E——
CREI TYPE OF PRESENT WORK____ e == . [IGBILL
o ——

I am interested in O Electronic Engineering Technology
Accredited Membe O Space Electronics 0O Nuclear Engineering Technology
&f thé Mational Home Study Cocarif O Industrial Electronics for Automation
O Computer Systems Technology

APPROVED FOR TRAINING UNDER NEW G.l. BILL

Navember, 1967 81
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IMPROPER GROUNDING—
THE SUBTLE TROUBLESPOT

By MORTON H. BURKE

There is considerably more to a ground connection than
a soldered joint. In fact, too many grounds or grounding
in the wrong place can cause far more harm than good.

ECAUSE most modern design requirements demand
that electronic equipment be free from unwanted
signals, it is important that all precautions be taken

to minimize hum and noise pickup from undesirable
sources. It behooves the designer (he usually doesn’t speci-
fy Liow ground returns should be rum) and the technician
(he actually does the wiring but may be unaware that cer-
tain grounding techniques exist) to avoid running ground
wires incorrectly,

Hum in vacuum-tube circuits is usually caused by ripple
from the main power supply, or a.c. from the fikunent cir-
cuits, getting into the grid or cathode circuits of an ampli-
fier stage. It is especially important that ripple or hum not
be introduced into stages that are amplifving low-level sig-
nals. In order to keep these hum levels low, it is important
that the power-supply filter capacitors be grounded correct-
I and that separate leads are run from the filament trans-
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Fig. 1. Typical grounding method used by most constructors.

Fig. 2. How common impedances can interact when an indis-
criminote amount of ground {mostly wrong.y placed) is used.

OUTPUT
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formers. Fig. 1 shows a conventional tube amplifier and its
power supply wired in accordance with an often-used tech-
nique,

Visualize the chassis spread out for five, six, or even
twelve inches. By referring to Fig. 2 it can be seen that the
mixture of filament cirrents and power-supply pulses with
signal currents is inevitable. Each impedance, shown as
R Rue, Ren. Riur, Ry, and Rio, consists of the resis
tance of the chassis. plus wire resistance, plus solder-joint
or mechanical-joint resistance. As shown in Fig. 2 1, 1,
and 1, . can develop a hum voltage across R., and
R, which will mix with input voltage V. in the grid cir-
cuit of VI. I, . can induce hum voltage in the grid of
V2 by way of Ry.. Charging pulses through filter capacitor
C2 mix 120-Hz ripple with the input signal by way of
common impedance R, .. The addition of these currents
within these common impedances causes a.c. from fila-
ment currents or power-supply pulses to be superimposed
upon the signal, and, after being amplified with the sig-
nal, this hum appears as objectionable audible output that
deteriorates the wanted signal.

To eliminate most of the interference, this circuit should
be rewired on the chassis to conform with the method
shown in Fig. 3. Here the filter capacitors’ grounds are re-
turned directly to the center tap of the transformer, thus
preventing the capacitor charging-current pulses  from
mixing with the signal. Also, the filuments are shown fed
by separate “twisted-pair” wires. Here again, there is no
way for the filament currents to mix with the signal. (Twist-
ing lelps cancel the magnetic field around the wires, thus
reducing interference from radiated fields.) The input jack
has been moved physically closer to the amplifier input grid
and the input ground is connected to the same point as the
cathode resistor ground. This removes their common im-
pedance.

Fig. 3. The proper method of grounding reduces interference.
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CHASSIS (S PART

CIRCUL ATING CHASSIS
§OF TANK CIRCUIT

CURRENTS I

< z 3
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ONE SIDE OF

ONE SIDE OF
CAPACITOR Q] COIL CONNECTED
CONNECTED P TO CHASSIS
TO CHASSIS
VARIABLE
CAPACITOR COIL
TO GRID
(A)

—O

SINCE "Q" OF COIL IS WL

Rt
INDUCTOR wgu , WL

RL+R(CHASSIS)

gl

THUS: ADDITIONAL R(cHasSIS)
LOWERS "Q" OF TANK

INDUCTOR T ® 9 5 900 [ 2N R
CERE R COMBINATION. \ 1 T
CHASSISS o Fig. 4. (A} Incorrect method of r.f. ground- OLTS
RESISTANCE (CHASSIS) ing uses chassis as part of tank cir- b [ 4
cuit. (B) The equivaient electrical circuit.
O b - VOLTS ]
(8)
SHIELDED WIRE POWER SUPPLY GND l
= | CENTER
CONDUCTOR
. . SIGNAL GROUND I
Fig. 5. Incorrect grounding of coax cable ( )
can produce extraneous noise due to the ., BICIRCUCATING) CHASSIS GND

CHASSIS GROUND 3TRAP

CHASSIS GROUND STRAP

CC__L
3 i

£

CORRECT INCORRECT
(A) (8}

Fig. 6. (A) Correct method of interchassis ground connection.
Center conductor and shie!d have separate pins. Shield ground
does not carry chassis currents. {B) Incorrect method in which
the shields carry circulating chassis currents induced in them.

Fig. 7. For multiplic-
ity of chassis, power
and signal grounds
are connected to | AMP | AMP 2 AMP 3
each chassis through
bus at single spot.

J CHASSIS

pickup from other circulating currents. L

R.f. circuits also require that certain techniques be ob-
served in “running” grounds. The methods shown in pre-
vious paragraphs concerning separate filament wires and
the grounding of power-supply capacitors should be fol-
lowed. Tn addition, where tank circuits are involved there is
the possibility of incorrectly wiring the ground or “cold”
side of the parallel inductor-capacitor combination.

Grounding R.F. Circuits

Fig. 4A shows a common method of grounding a capa-
citor and a coil in a tank circuit where the “cold” sides are
connected to each other by wav of the chassis. This method
shonld be avoided tor the following reasons: (1) The extra
resistance introduced by the path through the chassis con-
nections and the possibility of a poor connection to the
chassis will lower the “Q” of the circuit. The equivalent cir-
cuit of this type ol connection is shown in Fig, 4B. (2) The
r.f. currents lowing through the chassis due to the tank cir-
cuit may induce undesirable coupling with other stages;
and (3) if the tank circuit is located in the grid circuit of a
tube, it is possible that spurious ground currents in the
chassis might introduce unwanted signals into the tube
through the tank circuit. These gronnd currents can exist in
a metal chassis whenever several ground returns are tied to
different locations on a chassis. Moreover, the usual elec-
tronic chassis, although a relatively large muss of low-resis-
tance material like copper, aluminum, or steel, is not a per-
fect conductor. With the many current levels “runming”
through it due to the various grounded circuits, the chassis
is no longer an equal-potential surface with zero volts be-
tween points on the surface. In fact, it is often possible to
get readings of several millivolts between different points
on a supposedly “grounded” chassis.

Therefore, every effort should be made to avoid tying
additional grounds to chassis points that may already have
an appreciable difference of potential between them.

Shielded Wires

In the general area of both direct and alternating cur-
rent, shielded wire is an important way of providing a
means of keeping a signal clean. Grid leads carrving low-

November, 1967

level d.c. or a.c. voltages which are to he amplified should
alwavs be protected by shielded wire. This tvpe of wire uses
a center conductor which is insulated from its outer woven
shield. The outer shield, usually made ot copper mesh, will
help prevent any electromagnetic coupling of unwanted sig-
nals into the low-level inpnut circuits.

To be eflective, this outer protective shield should be
connected to chassis ground to allow uny built-up potential
to “leak oft.” In addition, it is important that this shield be
grounded in only one place. The reason for this can be seen
by referring to FFig. 5. Assume that the shield is connected
to points A and B. If these points arc at different poten-
tials (the possibility of this was discussed previously), a
current will flow using the shield as its conductive path.
With this current flowing, the center conductor can still
have unwanted signals coupled into it. Since capucitances
of 30 pF-per-foot can be expected from coax, und even
more from shielded wire, coupling would probably take
place through the capucitance hetween the inner conductor
and the shield. The best place to ground a shielded wire is
not always apparent in a long run of cable. In most cases,
this best spot will be found at a relativelv “cool” (electrical-
lv speaking) location near the termination point of the inner
conductor. In some tricky situations, it mav be necessary to
do some experimenting to determine the best grounding spot.

To prevent shielded wire from rubbing against the chas-
sis and essentiallv grounding itself at more than one point,
wire manufacturers are offering for sale shielded wire with
clear vinvl covering throughout the length of the wire. This
covered shielded wire should be used wherever runs of wire
are over six inches long or pass near or through metal.

Wiring Between Chassis

Where a shielded wire or a coax cable is to be run be-
tween two independent chassis, care must be taken to con-
tinue the shield connections through the electrical connector
linking the chassis. The shield should be assigned a pin in
both male and female connectors; it should not be ground-
ed to the chassis. A so-called ground strap should not be re-
lied upon to supply a good interference-free connection.
Figs. 6A and 6B show the correct and incorrect ways to
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one of five complete hi-fi component
systems. made up of highest-quality
components from the finest
manufacturers in the field! Altec
Lansing. Acoustic Research (AR),
BASF, Dua, Electro-Voice. Fisher,
J.F.D., Koss/Acoustech, Magnecord,
Marantz, Pickering, Koss/Rek-O-Kut,
Sherwood, Stanton, Telex, University
and Viking . . . plus

Telex Serenata Il
Stereo Headphones to
winners of special
drawings from each
participating dealer. A
guaranteed winner from
every store!

TELEX"-MAGNECORD-VIKING

A olia ML H5I20
Fill out coupon below and deposit in
Stereo-Stakes Entry Box at hi-fi equipment dealer's

RULES:

1. Entries must be mailed to or deposited at

official participating dealership.

2. No purchase required (however, if winner has
purchased Magnecord or Viking tape recorder
or Telex headphone during contest period, cash
refund equivalent to retail price will be made.)

. Conteslants must be 18 years of age or older,

. Employees of Telex, Magnecord, Viking, their
advertising agencies, and families of same
not eligible.

. Winners to be selected by random drawing. All
decisions of the judges will be final. .

. Contest void in states where prohibited by law.

. Entries must be postmarked or deposited at
dealer’'s before midnight, November 30, 1967.

. Winners will be notified hy mail within 30 days
of close of contest.

AR}

© ~No ow

Wisconsin residents mail entries to: Stereo-Stakes

Contest, Box 7€26, Tulsa, Oklahoma 74105

I OFFICIAL ENTRY FORM |
| TELEX $25,000. STEREO-STAKES |
i |
1 Name B [
: |
! Street Address H
t [}
t City State Zip i
|

1 1
! Area Cude Tel. No. I
! 1
I |
| Hi-Fi Dealer S
I (
. ]
i City____ I ,i

6 ON READER SERVICE CARD

run shielded wire between physically
separated chassis.

Three-Ground System

Low-level d.c. and a.c. signals that
require amplification must be protect-
ed from outside interference by the
same grounding methods discussed in
previous paragraphs. However, in many
instances where measurements are to
be taken, it is important that ground
reference be preserved. In the case of
d.c. recorders. d.c. voltmeters, and ana-
log computers, accurate deviations or
multiplications of the original signal
must be measured. To preserve this
reference point or plane, it has become
necessary to create a physically sepa-
rate reference line or bus called “sig-
nal” ground. Thus, in the sensitive in-
strument  category, a three-ground
svstem is utilized. The three-ground sys-
tenn consists of a power-supply ground,
a chassis ground, and the previously
mentioned signal ground. It is impor-
tant that each ground return be kept
independent of the others except where
they are eventually tied together at one
place on the chassis.

This serious attention to grounds is
recessary in computers and other mea-
suring circuits  because these instru-
ments must measure coxtremely  low-
level voltages with high accuracy. And
because voltages on the order of 10
millivolts can be important, it is neces-
sary that extraneous voltages from stray
pickup, power-supply ripple, and pulses
from relayvs be kept from mixing with
the original signal. The use of three
separate ground systems prevents chas-
sis ground currents and power-supply
ground currents from mixing with sig-
nal currents.

Ground Busscs

In equipment where there is a mul-
tiplicity of separate amplifving devices
sharing a common power supply, the
use of ground busses should be con-
sidered. This bus method is widely
used in analog computers, multi-chan-
nel recorders, and other sensitive read-
out devices. The method llustrated in
Fig. 7 will save time and wire and
will also result in a neater assembly
that will prevent the various ground
currents from mixing with the signal.

[Tt is important that all ground busses

be insulated from each other through-
out their length. However, they must
eventually be connected together at the
chassis where the amplified voltage is
to be measured. Thus, in computers,
recorders, and voltmeters, the three
busses will be tied together at one
point on the chassis. Where an ampli-
fier is working into a separate measur-
ing device, the signal ground will be
brought out separately.

In large svstems it is often difficult
to determine exactly where to tie the

wwWw.americanradiohistorv.com

grounds together, making it necessary
to try many locations before optimum
performance is obtained.

Transistor Operation

Since transistors have no filaments,
the technician need not concern him-
self with running filament wires. How-
ever, the other comments concerning
power-supply returns, signal returns,
and chassis grounds still apply. Simi-
larly, the method of interwiring of
tuned-circuit elements previously de-
scribed should be followed. Since capa-
citors of high microfarad capacitance
are used in many transistor circuits, a
problent might exist where ground wires
are run a relatively long distance be-
fore they are terminated. In circuits
where capacitors are carrving large by-
pass currents, the ground wire of the
capacitor may radiate enough energy
to interfere with other stages. Emitter
bvpass and collector bypass capacitors
should be returned directly to the emit-
ter return in as short a distance as pos-
sible.

Once the basics of proper grounding
are understood and applied, the experi-
menter will be able to concentrate on
the signal and not on the hum. A

USEFUL FORMULAS
FOR COAXIAL LINES

HE following formulas are uscful

for calculating the pertinent charac-
teristies of coaxial lines at high frequen-
cies. If any doubt exists concerning the
feasibility of using a coaxial cable, then
the cable manufacturer should be con-
sulted.
Capacitance=Kr/[59.1 XI.n (d2/d1)1

X 1O farads/ft
Inductance = 0.061 ILn (d2/ d1)

microhenrys/fu
Impedance = (60/ VKr) Ln (d2/d1)

= VvL/C
Velocity of propagation =3 X 10° / /Kr

cem/see -

Delay time = 1.02 VVKr x 107°

sec/foot of cable
Cut-off frequency = 6.75 GHz/[ VKr

dl +d2)]1 = 90% F cut-off
Reflection coeflicient ="' =

(Z1-Z2) [ (Z1 + Z22) = (vasowre.— 1)/

(v.sower, + 1)

Vsower. = (1 +1)/(1—-1)
Peak vohage = (G/8) X 0.5 X

dl Ln (d2/d1)
where: dl is the outer diumeter of the
inner conduetor in inches, d2 is the inner
diameter of the outer conductor in inches,
C is 1he capacitance, G is the maxinnm
voltage gradient of the cable insulation
in volts per mil, Kr is the dielectric con-
stant of the cable, L is the inductance, Ln
is natural logarithmic base, S is a safety
factor, and Z is impedance.

For pulse eable applications, the max-
imum voltage gradient will be based on
the impulse strength of the insulation as
long as the pulse does not reverse polarity.,

This information was extracted from
the Phelps Dodge Technical Bulletin FF,
Tssue 1. A
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EW Lab Tested

i Continued from page 16)

before starting the tape when record-
ing. Concentric recording level controls
for both chanuels operate on micro-
phone and high-level “Aux.” inputs.
Twin illuminated vu meters monitor
both recording and playback levels. A
“0 vu” recorded signal produces 0
dBm (0.78 volt) at the line outputs,
unaffected by volume or tone controls.

The tape machine has built-in play-
back monitor amplifiers with their own
volume and tone controls. A push-but-
ton switch disables the monitor speak-
ers when using an external power am-
plifier. Stereo headphones may be
plugged into a panel jack.

The built-in speakers are unique and
among the best sounding we have
heard on u portable machine. Two
small high-compliance speakers facing
out the sides of the recorder case may
be used alone for monitoring or non-
critical listening. Two removable satel-
lite speakers which form the lid of the
portable case may be removed up to
seven feet from the recorder and
plugged into jacks on the top of the
case. This switches in a 350-Hz cross-
over network which converts the built-
in spcakers to woofers, with the lid
speakers acting as tweeters. The maxi-

mum spacing of fifteen teet allows a
full stereo effect to be obtained. In
addition, there are jacks for connecting
external speaker systems.

In our laboratory tests, the Sony TC-
660 had an over-all record/playback
frequency response of =2 dB from 25
to 17,000 Hz at 7% in/s and =2 dB
from 42 to 7800 Hz at 3% in/s. Its
playback response was +3.5 dB, —1
dB from 50 to 15,000 Hz, using the
Ampex 31321-04 T2 in/s alignment
tape. Wow was almost unmeasurable
(about 0.01%) and flutter was 0.055%
at T'% in/s. Tape speeds were exact
and the exceptionally rapid fast-forward
and rewind handled 1200 feet of tape
in only 41 seconds. The signal to-noise
ratio was 48.5 dB at 7% in/s and 46
dB at 3% in/s. These are unweighted
figures, referred to 0 vu recording level.
The distortion at this level was only
1.3% and rose to only 1.6% at +3 wvu,
which pinned the vu meters.

In listening tests, the output of the
recorder could not be distinguished
from the input at 7'%2 in/s. At 3% in/s
the sound was slightly bright, with an
accentuated hiss level, but of excellent
quality nonetheless. The sound from
the “Quadradial” speaker system was
remarkably  good, huardly distinguish-
able from that of a pair of good-quality,
full-sized external speukers, except for
a lack of low bass, when played at

reasonable volume levels. Unlike most
tape recorders with built-in playback
amplifiers and speakers, the TC-660
can provide true high-fidelity sound
without outside help. The F-96 micro-
phones, while unable to exploit the full
potential of the TC-660, sounded dis-
tinctly better than those supplied with
other recorders we have tested.

Over-all operation of the recorder
was highly satisfactory. The transport
controls were effortless and foolproof
while the sound left nothing to be de-
sired. Despite its portable construction,
we doubt that many people will wish
to carry it far. The unit weighs almost
60 pounds with lid speakers mounted,
attesting to its solid construction.

The Sony TC-660 sells for
8575

under

‘“Don’t tell Pop | said so, but he put
the wrong tube back in this circuit!”

Now...get

with ZIP!

much improved service.

Order from your Zenith Distrib-
utor for “Zenith Instant Parts”
service on all genuine Zenith re-
placement parts and accessories.

genuine Zenith parts
three ways faster-

Your Zenith Distributor has a revolutionary new
system to speed your replacement parts ordering.
Called “ZIP” (Zenith Instant Parts), it gives you

1. Looking up parts numbers is 10055 quicker
than before. Because parts lists and schemat-
ics for the past ten years are now microfilmed
on compact, casily-handled filmeards,

Why not sell the b

.

2. “Out-of-stocks” are cut down. The
new ZIP program helps your Zenith dis-
tributor keep tighter inventory controls
and maintain a more complete stock,

ENITH®

Euzy-to- handle, spage-savi
in ftle 2 to 3 decp replace 10 feet of calalues.

The quality goes in before the name goes on

microfilng cards

3. Factory special orders are
shipped faster. Under the new ZIP
program, the Zenith factory is
ecared to ship orders without delay.
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(et Too PERFORMANCE from

your Car! Buy The Best/
DELTA’S Remarkable, Proven

MAHK 'I' CAPACITIVE DISCHARGE
®

IGNITION SYSTEM
ONLY

54495,

Available in Easy-to-Build

 DELTAKIT®,,,,
2 995

You've read about the Mark Ten in Radio Electronics, Electronics World,
Mechanix [llustrated, Electronics, Popular Mechanics and other leading pub-
lications! Now discover what dramatic improvement in performance with
capacitive discharge ignition is yours for your car, truck, jeep, boat —any
vehicle! Delta’s remarkable electronic achievement — on the market since
1963 and so unique that a patent has been granted — saves on gas, promotes
better acceleration, gives your car that zip you've always wanted. Even
Detroit has finally come around. Delta’s Mark Ten, the original, the proven
winner from Sebring to Suburbia, has set new records of ignition benefits
attested to by thousands of satisfied purchasers. No re-wiring necessary.
Works on literally any type of gasoline engine. Satisfaction guaranteed.

Order from coupon below, specifying car make, voltage and polarity. Like to
build your own? Order a Deltakit® and save!

COMPARE THESE PROVEN BENEFITS!...

A DRAMATIC INCREASE IN ACCELERATION
A LONGER POINT AND PLUG LIFE

A IMPROVED GASOLINE MILEAGE

A MORE COMPLETE COMBUSTION

A SMOOTHER PERFORMANCE

Order Your Mark Ten Today! Shipped Postpaid at Once.

ASSEMBLE IT
YOURSELF!

A DELTA PRODUCTS, INC.

P.0. BOX 1147 EW — GRAND JUNCTION, COLORADO 81501
Ship prepaid. [J Ship C.0.D. O
[ Mark Tens (Deltakit®) @ $29.95

Enclosedis$_. .
[0 Mark Tens (Assembled) @ $44.95

(12 volt positive or negative ground only)

Specify [J 6 Volt: Negative Ground only.

J 12 Volt: Specify [J Positive Ground [J Negative Ground
Car Year Make
Name
Address

City/State Zip

CIRCLE NO. 121 ON READER SERVICE CARD
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HIGHER GAIN
AVALANCHE
PHOTODIODES

New Bell Labs’ technique ups
multiplication factor to 2500.

AIN in avalanche photodiodes, de-
¥ vices which combine the functions
of both light detectors and microwave
amplifiers, can be increased by factors of
between 10 and 100 through a new op-
erating method devised by Bell Labs.
For example, current gain in a silicon
photodiode previously limited to an ava-
lanche multiplication factor of 50 was
imcreased to 2500 by the new method.
Improved performance is obtained by
swmperimposing an a.c. voltage on the
d.c. voltage, which is the same or slight-
v higher than the normal d.c. voltage
used to bias the diodes. The a.c. volt-
age prevents premature avalanches bv
quenching microplasmas (local Haws in
the diode where small arcas of intense
ionization occur). Application of a.c.
voltage to “uniflorm” diodes (those with-
out microplasmas) has also produced
a naticeable improvement in perform-
ance.

Gain is uchieved in avalanche diodes
bv impact ionization of carriers; that
is, under the influence of a high field
the carriers acquire enough energy to
knock valence electrons into the conduc-
tion band. This generates new carriers
which by the same process create still
more new cariers. The avalanche effect
was first discovered at Bell Labs, wheve
avalunche photodiodes are presently
used in laser research studies.

Because microplasmas now can be
quenched, the production vield of us-
able silicon and germanium photodiodes
is expected to increase—especially for
large-area diodes where microplasmas
are more difficult to avoid. The new
technique has been applied successfully
to  germaniuni, silicon, and gallium
arsenide diodes. It also should allow
production of photodiodes from pre-
vionsly  nnusable  semiconductor ma-
terials such as indium untimonide or
gallium phosphide.

Microplasmas are undesirable in pho-
todiodes because of the electrical noise
thev produce. The frequency selected
for a small quenching signal (e.g, 10 to
1000 MHz, with an amplitude of 1 V)
is high enough that the probability of
“twning on” a microplasma during a
cvcle is small. Should one be turned on,
it would immediately be turned olf again
because during each cycle the applied
voltage drops below the breakdown volt-
age of the microplasmas and the ioniza-
tion is not sustained. This quenching ac-
tion eliminates the microplasmas. A

ELECTRONICS WORLD
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No dealer
stocks

everything.

No salesman
knows

everything.

But the

COMPLETE BUYER'S GUIDE

§1.25

i LANEST MODELS

& LASEST PRICES

¢ DVER [890 PRODRICTS
® 173 MANLFACTURERS

1968 STEREO/HI-FI DIRECTORY does!

It's a giant 182-page buyer’s guide to
virtually every new audio component
on the market today. Over 1600 prod-
ucts in alll From amplifiers to complete
hi-fi systems to tape cartridge record-
ers and players for your home, car and
boat. All the latest offerings from 176
manufacturers are fully detailed and
illustrated for your ‘‘shop-at-home’
convenience.

Every technical specification, dimen-
sion, special feature, optional acces-
sory, price and model number is at
your fingertips—to help you compare
similar items, feature for feature, dol-
far for dollar and decide which is best

for you. Before you buy!

Forget the guesswork, costly mistakes,
store-to-store treks and ‘‘after-you-get-
it-home’ disappointments. With the
1968 STEREO/HI-FI DIRECTORY as
your guide, you'll zero-in on the equip-
ment you want, buy it with confidence
—and know you're getting the greatest
value for your money.

The price for this valuable ‘‘encyclo-
pedia” of hi-fi information? Just $1.25.
A small investment, indeed, for such an
essential component of your listening
enjoyment. Sodon'tdelay. Use the cou-
pon below toorder your copyofthe 1968
STEREO/HI-FI DIRECTORY today!

CONTENTS INCLUDE

Special 8-page section on:

® How to choose components

® How to compare prices, features,
specifications

@ Exclusive state-of-the-art report on
componentry

® PLUS an incisive analysis of the
controversial 8 track, 4 track and
cassette tape cartridges. ... Com-
ments and clues on which design
holds the most promise for the future.

Individual directories for amplifiers /
changers / turntables / cartridges and
tonearms / receivers / tuners / tape
machines (including video recorders
and cartridge units) / speakers [ inte-
grated systems / antennas [/ micro-
phones / cabinets.

GET THE DELUXE LEATHER. ™ -
FLEX-BOUND EDITION for .'f
just $3 POSTPAID!

The 1968 STEREO/HI-Ft DI.
RECTORY is also available in
a splendid deluxe edition. '
Rugged Leatherflex cover pro-
vides lasting protection yet
is softly textured and gold-
embossed for the look of ele-

orders outside the U.S.A.

ZIFF-DAVIS SERVICE DIVISION <« DEPT. SD + 595 Broadway + New York, N. Y. 10012 |
YES: Send me the new 1968 STEREO/HI-FI DIRECTORY as checked befow: I
[ $1.25 enclosed, plus lgc) for shipping and handling. Send me the regular edition. ($1.75 for ‘

[J $3.00 enclosed. Send me the Deluxe Leatherflex-bound edition, postpaid. ($3.75 for orders
outside the U.S.A.) Allow three additional weeks for delivery.

name

please print

gance. A collector’s item—a superb addition to your
permanent hi-fi reference library. And it’s yours, for
just $3 postpaid, when you check the appropriate box
on the order form.

November, 1967

EW-117
address J
cit
ity |
state Zip code
PAYMENT MUST BLENCI.OEED WITH ORDER ___‘
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sonotone’s
dynamic cardioid
mike for taping

Are unwanted sounds spoiling

your home tape recordings? Has

R everyday “house-

Wedemme, hold noise

5 got you

down?

&, Scnotone

“¥has the

unidirec-

F tior.al an-

swer: Our

CDM30 dual

impedance
microphone.

é'

This Sorotone

microphone fea-

tures the discrimi-

nating cardioid pat-

tern that professional

performers prefer. Cap-

tures every word, note

and nuance directzd into

it, waile suppressing extra-

neous, distracting noises,
boominzss and feedback

Complete with orr-off switch, 15-foot ca-
ble and shielc. limpedanges of 200 ohms
and 50K ohms: Price:. $43.50

Write

TODAY

for Latest

Catalog on

Sonotone Mizrophones

SONOTONE
MICROPHONES

.
°

ELECTRONIC: APPLICATIONS DIVISION
SONOTONE CORPORATION + Eimsford, M.Y. 10523

Exports: Singer Prads. Co., NYC. Cable: Exregnis. N.Y

CIRCLE NO. 91 ON READER SERVICE CARD
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 PARAMETRIC LIGHT

NLIKE conventional amplifiers that

convert d.c. inlo signal power, a
parametric amplifier uses a non-linear
circuit element that accepts an inpul
signal ut one frequency, mixes it with a
so-called pump signal ai another fre-
quency, and produces an amplified,
low-noise output of the original signal
frequency. A rlmd f'requcn(\ output.,
called the “idler” is also produced, and
as this is an Unwmted byv- pm(ln(l it
is dissipated into some torm of load.

Until very recentlv, all parametric
amplification has taken pluce al fre-
quencies ranging from v..f. 1o the end
of the microwave spectrum. and has
made for some verv sensitive low-noise
receivers.

A scientist at Bell Telephone Labs
has now achieved puwrametric amplifi-
| cation of light (albeit far infrared) by
| producing a 3-dB gain in the intensity
of a laser light.

Operation of the light amplifier is
shown in the diagram. The nputs to
the 7-mm long tellurium crvstal (an
elemental semiconductor) ure the sig-
nal frequency from a helium-neon c.w.
luser and the pump frequency from a
carbon-dioxide laser, pulsed at 160
pulses per second.

Although the two input waves in
| the illustration are shown us separate
beams for clarity, thev wctually enter
the tellurimin crvstal as colinear (super-
imposed) waves.

[ Tellurium has two properties which
'make it especiully effective as a me-
| dium  for parumetric  amplification.
| First, it is the mosl non-linear material
known; that is, there is a non-linear
relationship between the amount of
electric polarization induced in the tel-
lurium crystal and the electric field ap-
plied to the crvstal by the laser light
waves. Wilhin a non-linear material,
the onlv tvpe suitable for parametric
amplification, light waves of dilferent
| frequencies can interact and the en-
ergy {rom one light wave can be trans-

AMPLIFICATION

rium’s high coefficient of nonlinearity,
the energv transfer from the pump
radiation of the signal frequency is very
efficient.

Tellurium is also birefringent; that
is, it has diflerent optical properties in
different directions. The velocity of light
passing through a birefringent crvstal
depends on the direction of its puth
through the crvstal. For example, when
both laser beams pass through the tel-
lurinm crvstal at an angle of 7 degrees
from the optic axis, the interaction
among the pump ftrequency, the signal
frequency, and the idle frequency are
phase matched. This matching strength-

ens the parametric amplification bv
lengthening the optical path along

which the three light waves interact.

The light output from the crystal is
passed through filters which block the
pump and idler signals, vet allow the
signal wave to pass through with mini-
mim attenuation.

The signal radiation output showed a
3-dB gain at the output of the tel-
lurium crystal and filter. The pulses of
signal energy were coincident with the
pummp pulses of the carbon-dioxide
pump laser. verifving that parametric
amplification had occurred.

Once a means of modulating the
signal laser has been developed, these
optical puarametric amplifiers will he
of considerable interest for possible use
in future laser communicualions svstems.

This svstemn of light amplification
should not be confused with the older
method of light amplification of a re-
ceived light signal, in which the photo-
electric ellect is used. The svstem dis-
cussed in this article is a transmitter
licht amplifier that operates at the
point of origin. It can be considered
the optical equivalent of an r.f. pa-
rametric amplifier as commonly used.
These experiments also showed that
tunable optical parametric amplifiers
could be constructed if suitable reflec-
tive coutings were added to the tellu-

ferred to the other. Because of tellu- rium crystal A
TELLURIUM f \ Aith
CRYSTAL R FILTERS
| {) |
[ T '
| { . PUMP / \ 1 |
‘ \ i, W .
( / ", i " £ e SIGNAL {‘\/SIGNAL
'\ y \ ‘f ¢ A W [
‘ W ,J A ‘v/ i' Vi Y
\ MWW | .
SIGNAL ,

| /W\‘ o {J \
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SHOW CORPORATION
NAMES NEW
BOARD MEMBERS

HE Electronic Industry Show Cor-

poration has appointed ten new
members to its Board of Directors. The
new directors, representing five major
electronic trade associations, will join
the eight holdover directors in planning
the 1968 National Electronics Week—
the NIEWW Show—to be held at the New
York Hilton between June 9-16, 1968
and the EISC-sponsored Upper Mid-
west Distributor-Manufacturer-Repre-
sentative  Conference, scheduled for
April of next year.

Each Show Corporation director is
selected by his own trade association to
serve on the intra-industry panel.

Elected from NEDA are: Phillip Gus-
tafson, Hughes-Peters, Cincinnati; R. C.
Hewett, R & R Electronics Supply, Lub-
bock, Texas; John Knight, Womack
Elcctronics Supply Company, Inc., Dur-
ham, N. C.; Vernon Lampley, Lampley
Elecironics, Benton, Ill.; and Harold
Yowell, Powell Electronics, Philadel-
phia.

or the E1A, Milton Friedberg, An-
tenna Specialists, Cleveland, will serve.
The Eastern Division of AEM has
named Juck Kirschbaum, Alpha Wire,
Elizabeth, N. ]., while the Central Di-
vision will be represented by Dave
M. Rice, Electronic Publishing Co.,
Chicago.

WEMA has named R. H. Collier,
Collins Radio, Newport Beach, Culi-
fornia as its representative while Hurry
Estersohn, Estersohn and Associates,
Philadelphia is the delegate for ERA.

Those continuing their terms include:
Jay Greenguard, Waldon Electronics; Ar-
thur Ruabb, United Technical Publica-
tions; J. Rudy Hummes, J. W. Miller
Co.; ]. L. Nichols, Mallory Distributor
Products; F. W. Moulthrop, F. W.
Moulthrop and Associatcs; Albert Kass,
Kass Electronic Distribuiors; William A.
Satterficld, Satterfield Electronics; and
T. R. Waters, Farwest Electronics, Inc.

EISC board members who retired in
September included: Jack Berman rep-
resenting  ERA, Don Chandler for
WEMA, Norm Triplett for AEM-Cen-
tral, Matthew Simon for AEM-Eastern,
Bruce Vinkemulder for the EIA, and
Alex Brodsky, Willis O. Jackson, James
Neustadt, Michael Spolane, and John
Viser, Jr., all representing NEDA. Each
has completed a two-vear term,

The general manager of the non-
profit industry-sponsored Show, Ken-
neth G. Prince, administers all Show
Corporation activities in accordance
with established Board policies. A

November, 1967

Solid State Circuit Boards

Featuring Professional Performance

at Low-Budget Prices

Model AA-100

Model AA-300
$1495
AUDIO AMPLIFIERS
Transistorized audio pre-amplifiers and Model AA-100 Model AA-300

amplifiers capable of delivering 200 Frequency =3 db, 100 to =1 db, 20 to 20K cps @ 200 MW
MW of audio power, sufficient to drive |Response 12K ¢ps +2 db, 20 to 35K cps @ 100 MW
a small speaker or 3 number of ear- Less than 1%, 20 to 20K cps
phones. The AA-100, which includes a |Harmonic | Less than 3%, @ 100 MW
mounted volume control, is designed |Distortion | 100 to 12K cps Less than 2%, 20 to 20K cps
for general purpose audio applications 3 @ 200 MW
and can also be used to modulate the 150, 600, and 50 to 150 ohms, or 600 ohms,
TR-100 Transmitter (see below). The :nppuetd 2 (l%okldoehdms ba‘ancleld (mu'mgtal Sf';ielge)d

i " ~|Impedance | (shie permalloy core transformer
ﬁ:lﬁgg’ farei%inhcﬂ;‘/ raer:y%:slzr'a:gs 'itv A transformer) 2K or 100K ohms unbalanced
distortion characteristics which make [6ain 70db 80 db, 50 ohm input, & ohm load
it ideally suited for broadcast, record- |Output 500 ohms and 8 ohms (grain oriented transformer)

ing, and TV applications. Either ampli- |!MAedance | 200 MW

fier may be powered from a 9 volt |gircuit 5 transistors, 7 transistors, 1 thermistor
source such as a battery or the PS-300 1 thermistor

Power Supply. In applications where s"l‘}‘"l’ 9 volts DC, 50 MA | 9 volts DC, 100 MA
greater audio power is required, the peRly -
AA-100 or the AA-300 may be used to  [Size 5;/2,’,’\',-VX - 8" L x 2% Wx 1%2" H
drive the Model AA-400 Power Ampli- | | 13%7Wxl1

fier (see below). Wweight | 314 ounces 12 ounces

1-WATT AUDIO POWER AMPLIFIER

A transistorized audio power amplifier that can be driven to a

full 1-watt output by a 1.5 volt signa!. When the AA-400 is

Model AA-400 used with the Round Hill AA-100 or AA-300 Amplifier, a
» $Q95

complete high gain, 1-watt audio system is obtained.
Power can be furnished by any stable DC source de-
livering 14 volts at 150 MA, such as the PS-300.

Output Impedance 4 to 16 ohms

Circuit

Power Supply
ize

Frequency Response

. *1db, 20 to 20K cps @
1

watt
.. Less than 1.5%, 20 to 20K

cps @ 1 watt
500 ohms and 2,000 ohms

Harmonic Distortion
1/2” L x 27 W x 2" H
3 ounces

Input Impedance .. Welght

REGULATED POWER SUPPLY

The PS-300 is a zener-referenced, voltage regulated
power supply which delivers a highly stable, ex-
tremely tow ripple DC output of 9 volts with Ioads
up to 200 MA and an unregulated output of 14
volts DC. The PS-300 is ideally suited for transistor
circuit applications requiring a well-filtered reg-
ulated DC source, and may be used to furnish
power to all Round Hill circuit boards.

I Input Voltage ... 105-120 volts AC 60 cps, 5 watts

Model PS-300

$1895

Output Voltage..... .9 volts DC fully regulated;

Regulation . Line -4- load 5 MV 14 volts DC unregulated
Ripple ... nder full load 10 MV, peak-to-peak Size ... LAV L x 27 W x 112" H
Maximum Load Current ... 200 MA Weight 3 ounces (with transformer)

TRANSMITTER

The TR-100 is a complete crystal controlled Trans-
mitter for the Citizens’ Band. it is factory pre-tuned
and supplied with a channel 10 crystal. The Trans-
mitter is capable of an RF output in excess of 100
MW and may be modulated with the Round Hill

Model TR-100 AA-100 Ampiifier. Transmitter power Supply require-

$1095 ments are 9 volts DC which can be obtained from the
PS-300 Power Supply.

Circuit . ... Crystal controlled, 3 transistors RF Output ... .. 100 MW, 50 ohm load

Frequency Range ......... Any CB channel {channel 10 Power Supply ... g volts DC, 50 MA

crystal supplied) Size . L5 L X 13" WX 2" H

Modulation........ CW or AM with external modulator Weigh .. 312 ounces

such as Round Hill AA-100 .- $3.00 each
-—————————————————--———--—-

L) S ROUND HILL ASSOCIATES INC. A sussiDiARY OF MILO ELECTRONICS

434 Avenue of the Americas, New York, N.Y. 10011

PLEASE SEND ME THE FOLLOWING CIRCUIT BOARDS: [ Send postpaid—enclosed is full payment.

MODEL QTY. [PRICE ea] AMOUNT
! AA-100 AUDIO AMPLIFIER $ 6.95 |$ (AN

AA-300 AUDIO AMPLIFIER $14.95 |5
AA-400 AUDIO POWER » NAMWE, = -

AMPLIFIER $ 9.95 |§
PS-300 POWER SUPPLY $18.95 |$ ADDRESS -
TR-100 TRANSMITTER $10.95 |3
CB CRYSTAL (channel: ) $ 3.00 |5 CcITY

TOTAL: [$ TS
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The editors of Popular
Photography proudly present
a dramatic, sophisticated

and colorful tribute to the
loveliest subject in the

world . ..

FOPULAR PHOTOGRAPHY S

“‘WOMAN
1968

an exciting
insight into
the world of beautiful women
by the great photographers

of our time!

POPULAR PHOTOGRAPHY’S WOMAN
1968 is a collection of superb photographs
—the finest, most ~earching works of leading
professional photographers including Gow-
land, Steckler, Sokel:ky and Lyon. They
bring the woman into focus — her many
moods, her countless expressions, her unpre-
dictable reactions, as she plays her varied
roles in modern life. From girl next door to
girl friend. From movie queen to mother.
From fashion model to temptress. And al-
ways—glamorous, subtle and enchanting.
Included in a 20-page Playboy feature sec-
tion is a portfolio of never-before-publizhed
photos taken by 6 of Playboy’s best pho-
togs . . . another outstanding section anal-
yzes Blow-Up — the motion picture that
probes the relationships of a photographer
with his cameras and models. To celebrate
the 100th anniversary of Harper’s Bazaar, a
special photo album depicts Harper’s styl-
ish effects on the woman of today.
POPULAR PHOTOGRAPHY’'S WOMAN
1968—a 128-page gallery of fine photog-
raphy is essential as a reference work for
every photographer. A section of the pub-
lication is devoted to technical data includ-
ing camera, lighting, exposure time, film,
filters and technique used for cach photo-
graph.

POPULAR PHOTOGRAPHY’S WOMAN
1968 is a nmasterful study of the loveliest
subject in the world. It is destined to be-
come a collector’s item for every person who
appreciates great photography. Order your
copy today!

POPULAR PHOTOGRAPHY'S
WOMAN 1968 is also available in
a splendid deluxe edition. Rugged
Leatherflex cover provides lasting
protection yet is softly textured
and gold-embossed for the look of
elegance. A collector's item — a
superb addition to your permanent
reference library.

| o e et i e e i e e e e —_

-
ZIFF-DAYIS SERVICE DIVISION @ DEPT. WO |
12 |

|

GET THE HANDSOME
LEATHERFLEX-BOUND
EDITION for just

$3 POSTPAID!

595 Broadway @ New York, N.Y. 100
Please send me a copy of POPULAR PHOTOGRAPHY'S
WOMAN 1968 as checked below.

[0 $1.25 enclosed, plus 15¢ for shipping and han |
dling. Send me the regular edition. ($1.75 for |
orders outside the U S.A:) I

[ $3.00 enclosed. Send me the Deluxe Leatherflex-
bound edition, postpaid. ($3.75 for orders outside
the U.S.A.) Allow three additional weeks for ]
delivery.

print name }

|

address SR,

Cidy state zip l
L — .PAYMENT MUST BE ENCLOSED WITH ORDER. .ol
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TRIPLETT SUSPENSION MOVEMENT

no pivots . .. no jewels . ..
no hair springs . . . thus NO FRICTION.

HIGH
oLt 0 2 QQ", SHIELDED
4 BAR-RING
pROBE  NI00 o o il ! / € ¢
X / " zERD
FOR 6 KV N "°"_'°|° AT rRaME ADIUSTER

CAUTION YA ynh

5_62 RANGES e
DL.vOLTS [ G300 150000 Onms vait.
FACTS MAKE FEATURES 0:0.3-1.5-6-30-150-
600 at 200,000 Ohms/Volt.
1 200,000 OHMS PER VOLT D.C. for greater accuracy on high re- 0-0.150 at 602

sistance circuits. 20,000 OHMS PER VOLT A.C. A.C. VOLTS 0-3-12-60-300-1200 at
10,000 Ohms,/ Volt.

5ua SUSPENSION METER MOVEMENT. No pivots, bearings, hair- e
2 springs, or rolling friction. Extremely RUGGED. Greater sensitivity : 26 710 - Al
and repeatability. -20 to 77 in 10 range
D.C. MICRO- | 0-5 at 300 MV.

62 Ranges, usable with frequencies through 100 Kc. Temperature AMPERES 0-60-600 at 150 MV.
compensated. 1Y;% D.C. ACCURACY, 3% A.C. LRl a0,
0.C. MILLI- 0-
0-
0-
0-

1
6-60-600 at 150 MV.

Low voltage ranges and high input impedance make the 630-NS especially usetul in __AMPERES | 0-1.2-12-120-1200at 300 MV.

transistor circuit measurement and testing. Input impedance, at55 volts D.C. and above, DC. 6 at 150 MV.

Is higher than most vacuum tube voltmeters. AMPERES 12 at 300 MV.

The unit is designed to withstand cverloads and offers greater reading accuracy. OHMS 0-1K-10K-100K (4.4-44-440
Reads from 0.1ua on 5ua range. Special resistors are rigidly mounted and directly at center scale)
connected to the switch to form a simplified unit. Carrying cases with stands are MEGOHMS 0-1-10-100 (4400-44,000-
priced from $11.00. 440,000 Ohms center scale)

| acaes

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO ' OUTPUT: Condenser in seres with A Vot

ranges.
CIRCLE NO. 97 ON READER SERVICE CARD
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Get on board RCA’S
Gift-Time Special
for 71 valuable prizes

FREE with your purchases of
RCA receiving tubes

. -y

,J

RCA's “Gift-time Special” certificates bring you great premiums for Christmas gift
giving for the entire family. These valuable certificates are FREE WITH YOUR
PURCHASES OF RCA RECEIVING TUBES from your participating RCA Tube Distrib-
utor. (Optional with RCA Tube Distributors.)

1. Argus Electromatic Slide Viewer. 51-126. 43 Cert. 2. Polarcid 215 Color-Pack
Camera. 51-170. 155 Cert. 3. Polaroid Flash Gun Attachment. 51-174. 22 Cert.
4. Toastmaster “Sovereign” Automatic Toaster. 35-80. 51 Cert. 5. Rival Slimline
Eiectric Knife. 35-141. 33 Cert. 6. West Bend 8-Cup Automatic Aluminum Perco-
lator. 35-73. 27 Cert. 7. Man's Elgin “Armada” 17-jewel Watch. 53-80. 61 Cert.
8. Longines-Wittnauer Man's Watch. 53-11. 146 Cert. 9. Hickock Man's Alligater
Belt. 20-765. 36 Cert. 10. Sterling Silver Candlesticks. 52-25. 15 Cert. 11. Star
Rogers and Bros. Silverplate “Starlight” by The International Silver Company.
52-45. 37 Cert. 12. Oneida 4 pc. “Paul Revere” Coffee Service. 52-46. 81 Cert.
13. Sterling Silver Salt and Pepper Shakers. 52-26. 15 Cert. 14. Sterling Silver
and Crystal Cake Plate. 52-75. 17 Cert. 15. Reed and Barton Color-Glazed “‘Paul

.Revere"” Bowl. 52-96. 29 Cert.
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16. Man's Alligator Raincoat. 20-568. 103 Cert.
17. Lady’s Alligator Raincoat. 20-571. 103 Cert. 18. Lady’'s Twin-Pearl Ring. 49-
147. 39 Cert. 19. Lady's Linde Star Ring. 49-149. 105 Cert. 20. Hamilton “Loralie”
Lady's Watch, 53-65. 133 Cert. 21. “Buddy L" Aerial Ladder Fire Engine. 48-90.
18 Cert. 22. Toddter's “Tiger Trike". 47-51. 16 Cert. 23. “Buddy L" Sit N Ride
Truck. 48-207. 19 Cert. 24. “Kiss Me" Doil. 48-137. 13 Cert. 25. Cosco Doli High
Chair. 48-43. 10 Cert. 26. “Drink and Wet" Doll and Cradle. 48-139. 13 Cert.

AND THESE ARE JUST A FEW OF THE 71 EXCITING GIFT PREMIUMS AVAILABLE!
Get RCA “Gift-time Special” certificates FREE with your purchases of RCA receiv-
ing tubes from your participating RCA Tube Distributor.

RCA Electronic Components and Devices, Harrison, N.J.

The Most Trusted Name in Electronics
®
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